
Granite 1 Granite 2
Type: Igneous
Location: Gloucester - Eastern Point

Age: 450 Million Years old

Description: A light-colored (orange-pink) speckled hard rock. 
Smooth edges indicate water and wave polishing.

Formed: 450 million years ago deep inside the earth beneath 
a block of land scientists call Avalonia. Avalonia broke off of an 
ancient continent named Gondwana and moved northward. 
Avalonia eventually collided with sea floor of the another 
continent called Laurentia. Hot magma chambers resulted from 
this collision to form the core of a chain of uplifted mountains 
and volcanoes. Over million of years, the magma cooled at a 
depth of between 3 and 7 miles beneath the surface. This deep 
slow cooling allowed the minerals in the magma to crystallize 
and interlock to form granite.  As the first mountain eroded, the 
granite rose above the surface and formed a new mountain. 
These granite mountains often take the shape of domes. 

Composition: Quartz, Feldspar and Mica minerals. Orange 
color due to mineral Sodium in the Feldspar.

Use: Building and Paving Stone

Info: Granite erodes a the rate of about 1 inch in 1000 years. 
See beach sand from Singing Beach. Compare with other sands.

Type: Igneous
Location: Rockport - Johnson Quarry

Age: 450 Million Years old

Description: A light-colored (white/grey) speckled hard rock. 
Sharp edges indicated this granite has been recently cut.

Formed: 450 million years ago deep inside the earth beneath 
a block of land scientists call Avalonia. Avalonia broke off of an 
ancient continent named Gondwana and moved northward. 
Avalonia eventually collided with sea floor of the another 
continent called Laurentia. Hot magma chambers resulted from 
this collision to form the core of a chain of uplifted mountains 
and volcanoes. Over million of years, the magma cooled at a 
depth of between 3 and 7 miles beneath the surface. This deep 
slow cooling allowed the minerals in the magma to crystallize 
and interlock to form granite.  As the first mountain eroded, the 
granite rose above the surface and formed a new mountain. 
These granite mountains often take the shape of domes. 

Composition: Quartz, Feldspar and Mica minerals. White/grey 
color due to mineral Potassium in the Feldspar.

Use: Building and Paving Stone

Info: Granite erodes a the rate of about 1 inch in 1000 years. 
See beach sand from Good Harbor. Compare with other sands.



Sandstone
Location: Turners Falls - Route 2

Age: 200 Millions Years old

Description: A soft red-brown stone that breaks easily into 

sheets.

Formed: From sandy deposits in the Connecticut River Valley.  
Rift developed north-south in this region at the time the great 
continent of Pangaea was breaking up and the Atlantic Ocean 
opening. Deposits came from the erosion of mountains to the 
east and west as rivers flowed into the Rift valleyand created 
large lakes. Formation named Redbeds. The great pressure 
of several thousand feet of erosion sediments compressed the 
sediments in the present sandstone.

Composition: Quartz and Hematite (Iron - responsible for red-
brown color.)

Info: Numerous fossils of fish, clams and plants and dinosaur 
footprints can be found in the redbed formations in the present 
Connecticut River Valley. Look also for fossil raindrops.

First dinosaur footprints discovered in North America were found 
by a boy in the town of South Hadley, Massachusetts in 1802. 
Dinosaurs are of the species Coelophysis. Over 20,00 footprints 
have been collected from the Connecticut River Valley. Visit 
Dinosaur State Park off of Route 5 in Holyoke to see footprints.

Basalt
Type: Igneous
Location: Gloucester - Eastern Point and Annisquam Light

Age: 200 Millions Years old

Description: Basalt is a dark gray/black hard rock that forms 
from molten lava that cools quickly on near the surface of the 
crust. Often small bubble holes mark the surface of the stone.

Formed: 200 million years when the super continent Pangaea 
broke apart. The breakup of Pangaea created the Atlantic 
Ocean. Great stress forces opened cracks or faults in the 
existing granite and allowed lava from deep inside the earth’s 
mantle to rise to the surface and rapidly cool. Look for black 
basalt faults throughout Gloucester and Rockport. Often you can 
find weathered rocks that are half granite and half basalt.

Composition: Iron, Magnesium, Feldspars, Silicon with very 
little or no Quartz.

Use: Gravel for paving roads

Info: The ocean floor beyond the continental shelf is made of 
basalt. Presently, the Atlantic Ocean is  widening at the rate of 1 
inch per year as new basalt rises from the mantle at the Mid- 
Atlantic Ridge. The moon is made of mostly Basalt.

Type: Sedimentary



Marble Schist
Location: North Adams Quarry, Natural Bridge State Park

Age: 500 Million Years old

Description: A soft sparkling white rock. May have swirls of gray.

Formed: From shallow sea sediments that were deposited 
at the edge of the ancient continent called Laurentia. The 
sediments were composed of the shells of ancient sea animals 
such as corals and clams. The shells were made of the mineral 
Calcium. The sediments partially melted and metamorphosed 
from the pressure and heat of overlying sediments. Finally, two 
volcanic islands collided with this area which further squeezed 
and folded the sediments into the marble that is now in western 
Massachusetts, Vermont and New York. Volcanoes were also 
created to the east of the marble belt.

Composition: Calcium, Carbon and Oxygen

Use: Marble is strong and has a great decorative appearance. 
It has long been prized for use in making buildings and statues. 
The Greeks quarried marble and constructed the Parthenon.  
The artist, Michelangelo chose Italian Marble for his sculptures. 

Info: See Wellfleet sand as a sample of sediments composed of 
the shells of sea animals. Chalk is a very soft type of marble.
Scientists named the volcanic islands - Shelburne Falls and 
Bronson Hill.

Type: Metamorphic Type: Metamorphic
Location: Littleton

Age: 300 - 400 Million Years old

Description: A black and white layered and folded soft rock.

Formed: From the collision of Gondwana terranes with seafloor 
and rocks of Laurentia. The great pressure and heat of repeated 
collisions metamorphosed the sediments and rocks into rock 
type called a Schist. In all, three terranes of land broke off of 
Gondwana and collided with Laurentia in what is now central 
and eastern Massachusetts. From west to east these are named 
the Merrimack, Nashoba, and the Avalon terranes. In addition, 
this area was additionally metamorphosed by the collision of the 
European and African continents to create the super continent 
Pangaea

Composition: Quartz, Mica and Feldspar

Info: Schist formations are found throughout central 
Massachusetts and into New Hampshire, Maine and Connecticut. 
This belt is often referred to as the Acadian Zone.



Gneiss 1Slate
Type: Metamorphic

Location: Boxford, Bald Hill Reservation off Route 95

Age: 400 Million Years old

Description: A hard black and white layered rock. Tilted 

vertically at margin of Avalon and Nashoba terranes in Bald Hill 

Reservation off of Route 95.

Formed: From sediments and rocks at the margin of the 

Nashoba terrane. The collision and welding of the Avalon terrane 

to the Nashoba terrane caused these sediments to be tilted and 

folded from great amounts of heat and pressure. Layering and 

banding due to migration and recrystallization of minerals.

Composition: Quartz, Mica and Feldspars.

Use: Stonewalls

Info: Compare to Gneiss rocks of Western Massachusetts. 

Compare to Schist from Lilttleton. Gneiss is a much harder rock 

than Schist because it formed under greater heat and pressure. 

Location: Somerville - Mystic Avenue Projects - Old quarry

Age: 500 Million Years old

Description: A gray smooth soft rock that splits into plates.

Formed: From mud and clay deposited in the Boston Basin 

from the erosion of the Avalon volcanic mountains to the north, 

west and south. Pressure of overlying layers and hot magma 

intrusions cooked these sediments into Slate. This formation is 

over 5000 feet thick.

The Slate formation underlies all of the Boston Basin including 

Cambridge, Boston and Braintree. Trilobite fossils were found in 

the Braintree/Quincy formation. . 

Composition: Quartz, Mica and Graphite.

Use: Blackboards, pool tables and roof shingles.

Info: The same species of Trilobite found in Quincy was also 

discovered in Morocco, West Africa. This discovery was proof 

that the Avalon terrane was once part of ancient Gondwana 

which is now Africa.

Type: Metamorphic



Location: North Adams, North Berkshire Mountains

Age: 900 Million Years old

Description: A cream yellow colored hard rock that resembles 

granite. Note how the crystals are stretched and elongated.

Formed: From a very early mountain building event at the 

margin of Laurentia during the formation of a super continent 

called Rodinia. Metamorphosed from granite into a granite 

gneiss due to great pressures from colliding plates over a period 

of 400 million years. Gneiss rocks are formed under greater heat 

and pressure than Schist rocks.

Composition: Same as Granite: Quartz, Mica and Feldspar.

Use: Paving or building stone

Compare:  To Gneiss of Boxford and Gneiss of South 

Berkshires. Also compare to Granites of Rockport and 

Gloucester and Schist of Littleton

Location: Bear Mountain, New York.

This rock is similar to a Gneiss found in Washington County, 

South Berkshire Mountains

Age: 1.1 Billion Years old

Description: A colorful hard rock with black, orange and white 

elongated crystals. The oldest of the Massachusetts rocks.

Formed: From an early mountain building event at the margin 

of Laurentia during the formation of a super continent called 

Rodinia. Metamorphosed from granite into a gneiss due to great 

pressure from colliding plates over a period of 600 million years. 

Note the layering and banding features due to migration and 

recrystallization of minerals. Gneiss rocks are formed under 

greater heat and pressure than Schist rocks.

Same as granite: Quartz, Mica and Feldspar.

Use:  Paving or building stone

Compare: To Gneiss of North Adams and Boxford. Also compare 

to granites from Rockport and Gloucester and Schist of Littleton.

Compare to sand from LakeSuperior.

Gneiss 2 Gneiss 3
Type: Metamorphic Type: Metamorphic



Conglomerate Jasper
Location: Nantasket and Rockport Beaches; also Roxbury 

Age: 550 Million Years old

Description: Composed of large sediments such as maroon, 

brown or green pebbles embedded and cemeted together in a 

matrix of sandstone. 

Formed: From pebble or cobble sediments that were tumble 

polished in ancient glacial rivers and cemeted together in a sand 

and clay matrix. The pebbles are made of a fine-grained quartz 

mineral called Jasper. 

This type of Conglomerate is called Puddingstone because 

the rock resembles pudding mixed with chunks of fruit such as 

plums. The origin of the Jasper in this conglomerate is from 

ancient volcanic lavas erupted when Avalonia first broke off of 

Gondwana. 

Composition: Quartz and Calcium minerals

Use: Tightly cemented puddingstones make a good ornamental 

stone when cut and polished. 

Info: Roxbury Puddingstone is also found in abundance in 

Franklin Park in Roxbury. Place Puddingstone in water to bring 

out its colors.

Locations: Great Blue Hill, Houghton Pond Trail and Saugus 

Quarries - Rough Jasper 

Nantasket and Rockport Beaches - Polished Jasper

Age: 450-600 Million Years old

Description: A reddish brown, maroon or green hard volcanic 
rock composed of fine-grained quartz. There are two different 
types in your collection. Rough and polished

Formed: The rough Jasper formed from volcanic lavas erupted 
from the Blue Hill and Saugus Volcanoes about 450 million years 
ago. 

The smooth cobbles in your collection were eroded out of the 
550 million year old Roxbury Conglomerate formation and then 
water and wave polished. They are found in abundance on 
south end of Nantasket beach. Lesser amounts can be found on 
Gloucester and Rockport Beaches

Composition: Quartz

Use: Gemstone

Info: Place the smooth cobbles in water to bring out their colors. 
Notice how smooth they are from millions of years of tumbling in 
rivers and on the beaches. Great amounts of rough Jasper can 
be seen in the Lynn Volcanic hills off of Route 1in Saugus.

Type: Sedimentary Type: Igneous

Overview



Glacier 2

Overview

How Glaciers Shape the Land

Glacier 1
An Age of Ice Shapes 
Massachusetts
Beginning about 23,000 years ago, the earth cooled and great glaciers 
of mile deep ice formed and advanced from Canada into Massachusetts. 
During their greatest advance, the ice was more than two miles thick at its 
center and reached as far south as Cape Cod. The Cape and the islands of 
Martha’s Vineyard and Nantucket were formed by materials deposited by 
the glacier. Glaciers have created many landforms in Massachusetts such 
as Moraines, Drumlins, Eskers, Kettles and Glacial Erratic Boulders. The 
Ice Age ended about 12,000 years ago.   

Glacier Sediments Build 
Cape Cod and the Islands

Toe of Glacier

Moving Glacier acts like a plow - scrapping over the land
and pushing boulders and sediments in front of it. 

Outwash River from Toe
Sediments and cobbles

Boulders in Glacier

Bedrock and Sediments

Moving Ice

Boulders and Sediments deposited on land
as Moraines, Eskers, Drumlins and Erratics.

Moraines and Eskers

Dotted lines below show 
furthest advance of ice 
and deposits of  
sediments that built 
Cape Cod and the 
Islands. Think of the 
Cape Cod Bay shape  
as the Toe of the Glacier 
that left sediments 
behind when it melted.

Moraines are deposits 
which form in front of 
or on the sides of the 
glacier as hills or ridges. 
Eskers are  narrow 
ridges formed from 
streams in the glacier 
which deposit sand, 
gravel and cobbles.



Glacier 4Glacier 3

Atlantic Ocean

Souteast
Pond

Northeast
Pond

Spectacle
Pond

Kinnicum
Pond

Gull
Pond

Higgens
Pond

Herring
Pond

Great
Pond

Long
Pond

Dyer
Pond

Kettle Ponds of Mid-Cape Cod

Town of
Wellfleet

1 2 3

1. Block of Ice breaks off of glacier and sits on sediments.
2-3. Weight of Ice pushes down on sediments and makes a depression.
Iceberg melts and fills depression with water to form a kettle pond.

Formation of a Kettle Pond

Everywhere in Massachusetts  
are large rock boulders called 
Erratics.  These boulders were 
picked up by the moving glacier 
ice and deposited at a new 
location. 

Gloucester and Rockport have 
thousands of glacial boulders. 
The picture to the right is called 
Double Rocking Stone and is 
located in the town of Barre, in 
Central Massachusetts

 Drumlins are landforms of glacial debris and clay rolled and shaped 
into the distinctive form of a whale’s back. World’s End in Nantasket 
and the Boston Harbor Islands are also Drumlins.

Massachusetts has many ponds which are called Kettles. Walden Pond 
in Concord is a Kettle. The town of Wellfleet has many Kettle Ponds. 
Ravenswood Park in Gloucester has a Kettle Pond.

Drumlin, Hog Island, Essex

Glacial Boulders  
Barre/Gloucester

Kettle Ponds, Cape Cod



Sand 3-4Sand 1-2
Good Harbor Beach, Gloucester  

Singing Beach, Manchester

This sand formed from the erosion of the granite and basalt rocks 
that underlie Cape Ann. Note the light gray appearance of the sand 
compared to the sample from Singing Beach, in Manchester which 
is light orange in color. The Good Harbor sand comes from granite 
that is mostly composed of the minerals: quartz, black mica, and a 
white/cream colored feldspar. Also look for any shells or skeletons 
from marine animal life. This type of sand under pressure becomes the 
sedimentary rock sandstone which can metamorphose into quartzite. 
The sand is from granite that is approximately 450 million years old. 
Note: Granite rocks erode at a rate of about 1 inch per 1000 years.

This sand formed from the erosion of the granite and basalt rocks that 
underlie Cape Ann. Note the orange appearance of the sand compared 
to the sample from Good Harbor, in Gloucester.  The Singing Beach 
sand also comes from granite. It is mostly composed of the minerals: 
quartz, black mica, and an orange feldspar. The greater amount of the 
orange feldspar makes it color different from the Gloucester sand. Also 
note that the size of the sand grains are a little bit larger that the Good 
Harbor sand which is finer. The Singing Beach sand is unique in that it 
makes a sound when someone sweeps their hand through it - hence the 
name “Singing Beach.”  The sand is from granite that is approximately 
450 million years old. Note: Granite rocks erode at a rate of about 1 
inch per 1000 years.

This sand has many shells and skeletons of marine animal life. Note 
that there are also quartz and orange and white feldspar grains and 
some black mica but in less amounts than Gloucester and Manchester.  
Why is this sand different from the sand in the first two samples?  (Ans. 
Ocean currents bring the shells from an area that is abundant in sea life 
off the coast. Cape Cod also does not have any granite rocks directly 
next to the beaches as does Gloucester/Manchester, therefore there 
would be less quartz and feldspar grains. Note also the larger grain size 
of this sand compared to the Gloucester and Manchester sands. Under 
pressure this type of sand eventually becomes limestone or chalk which 
can metamorphose into marble. The sand in this sample can be as old as 
450 million years.

Wellfleet Sand Cliffs, Cape Cod

Lake Superior, Ontario, Canada

This sand formed from the erosion of very old metamorphic rocks that 
compose the northern shore of Lake Superior in Ontario, Canada. Note 
the reddish color and larger grain size of this sand compared to the 
others. This sand originally came from rocks made of granite that were 
subject to great temperatures and pressure and metamorphosed into 
Gneiss. The age of the Gneiss rocks that make up this sand are around 
3 Billion years old! The repeated heating and pressure over hundreds 
of millions of years has “cooked” the rock grains in this sand. Why do 
you think the grains are larger? (Answer: Ocean waves and tides of 
Massachusetts smash rocks with a greater force than those on a lake.

Color Code: Blue

Color Code: Green

Color Code: Yellow

Color Code: Red


