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Supplies 

Dome

t
a

b Service 
Room & Lens

Lighthouse this craft sheet, markers or colored 
pencils, glue stick, tape, scissors

t
a

b
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b

T
o
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e
r

For more than 200 years, lighthouses have warned sailors of the dangerous rocks and reefs of North Carolina’s

shore. Today, they still watch over the “Graveyard of the Atlantic”—the last resting place of many a ship.

Can you name our state’s seven lighthouses? OakIsland,BaldHeadIsland,CapeLookout,Ocracoke,CapeHatteras,BodieIsland,CurrituckBeach.

1 Cut out tower, service
room and lens, and dome,
including tabs.

2 Color tower if you’d like.

3 Curl all three until the
tabs slide under the
opposite side of the
piece, then glue.

4 Tape or glue dome
on service room and
service room on tower,
as in drawing to left.  
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Step 2
concretion

2

3

4

by Terry Williams

Above, top to bottom: These photos show the 
progression of the concretion breakdown: 
(1) The initial mysterious blob of concretion. 
(2) After some of the concretion has been 
removed. (3) Gradually the artifacts begin to 
appear. (4) Just one of the artifacts—a set of 
calipers—that can now be cleaned, studied, 
and displayed. Left: Conservator Stephen 
Atkinson dons protective gear to do the fas-
cinating—but messy!—work of removing 
concretion from an artifact. Images courtesy of 
the NC Department of Natural and Cultural Resources.
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x-Radiation 

Have you or a friend ever broken an arm? Have you 
ever gone to the hospital to get an X-ray?  It may 
surprise you to know that the staff at the QAR 
Conservation Lab also uses X-rays—though in a  
different way.

The Queen Anne’s Revenge has been hidden off the 
coast of North Carolina for almost 300 years. Those 
years have not been kind, slowly eroding away the 
organic components and encasing the metals of 
the ship in concretion. This layer of “concrete” or 

“ugly coral” material must be removed before treat-
ment of the objects within can continue. 

To start our work, we use X-radiation to look inside 
the concretions and identify the artifacts they contain.  

In the X-ray process, electromagnetic radiation, or 
light, is projected toward the object. Some light is 
absorbed by the object, depending on its density 
and makeup; the rest is captured below the object 
and results in exposing the film. At the lab, we 
manipulate time, energy, power, and the focal point 
of the transmitting source. Unfortunately, our X-rays 
only show, reliably, metals—so wood, glass, and 
textiles will not normally show up in X-ray. 

Look at the photos and the objects hidden beneath 
the concreted surface. If you compare the X-ray to 
the picture of the concretion, you might have been 
able to identify the cannon ball (identified here as 
shot), but the rest is pure mystery.  Of note, the can-
nonballs and grenades are made from the same 
type of material, but the grenades are hollow to 
allow for gunpowder, giving them this doughnut 
appearance.  You can sure tell this is a pirate ship 
from this concretion, can’t you?

Since there are so many concretions, conservators 
look at these X-rays when determining which proj-
ect to work on next. For example, one conservator 
is gathering watch components. Another is 
researching gun carriage assemblies. 

In short, X-rays are illuminating!

CONCRETION: a hard, solid 
mass of mineral matter that forms 
around an artifact over time

by Terry Williams

This X-ray was taken of a concretion (shown on opposite page)
before conservation work began. What can you learn from 
comparing the images? Why did only some of the objects 
show up? Image courtesy of the NC Department of Natural and  
Cultural Resources.
 

Most of the artifacts of the QAR 
are surrounded by concretion; 
picture that as ugly coral. 
Concretions can be small enough 
to fit in your hand or large enough 
to cover a cannon—or an anchor. 
The lab in Greenville has literally 
thousands of concretions from 
the QAR shipwreck site. 

Conservators begin the process of 
removing concretion by visually 
assessing the concretion and its 
matching X-ray and then deter-
mining how to proceed. 

If mechanical means are chosen 
(probably 99.9 percent of the 
time), the next step is to assemble 
all required materials. This 
includes dust collectors, air hoses, 
and safety gear (see photo below). 
Pretty comprehensive equipment, 
right? Among other things, this 
gear protects our eyes from flying 
debris, ears from noise, lungs 
from dust, and beat-up blue jeans 
from the inevitable muck. Once 
geared up, the conservator will 
often use an air scribe—think of it 
as a small jack-hammer. The air 

scribe uses a hard bit or nib and 
compressed air to remove concre-
tion with precision accuracy. On 
occasion, larger more percussive 
methods can be used, but are 
largely avoided. 

The cleaning process can take 
anywhere from a few hours to a 
few years, depending on the size, 
complexity, and fragility of the 
concreted artifacts. Concretions 
that contain a single solid iron 
artifact are going to take much 
less time to clean, as compared to 
a concretion like the one pictured 
at right, which has a multitude of 
artifact types made up of different 
materials. The conservator must 
use a light, careful hand to remove 
the dense concretion without 
damaging the artifact underneath, 
which could be anything from  
a cannon ball and grenade to 
copper calipers and ceramics.

Terry Williams served 20 years with the United 
States Air Force and upon retirement attended the 
conservation program at City and Guilds of London 
Art School. After working in various conservation 
jobs in London, Virginia, and Boston, she returned 
to North Carolina and began working with the 
QAR team as an assistant conservator.

dncr.nc.gov

Want to learn more about concretion? Check out 
our “Cookie Concretions!” activity on page 39!
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Have you ever been to the beach 
and, at the end of the day, salt and 
sand cover everything? Unsurpris-
ingly, after 300 years in the ocean, 
QAR artifacts are also salty!

The salt from seawater enters most 
of the artifact through osmosis. 
Even if the artifact’s surface 
appears to be clean, most must 
remain wet because the artifacts 
are still very salty. If artifacts dry 
with salt inside, crystals can grow 

and place pressure on the artifact, 
potentially ruining it. Crystallization 
can continue to occur after the arti-
fact is dry because of the humidity 
in the air, particularly in Eastern 
North Carolina.

Materials such a glass, wood, and 
ceramic go through a specific type 
of desalination—the process of 
removing salt. We desalinate arti-
facts by placing them into progres-
sively less salty water. Through 

osmosis, the salt in the artifact 
slowly leaves the object and goes 
into the surrounding water until 
the two equalize. We start desalina-
tion in tap water because it is 
much less salty than seawater. 

Each week the water is tested to 
see if the amount of salt in the water 
increased or is similar to the previous 
week’s reading. When the reading 
plateaus, the water is changed, and 
we begin the testing process again. 
After the reading is close to that of 
tap water, the artifacts are placed  
in reverse osmosis-purified (RO) or 
filtered water. RO water is regularly 
found as a type of bottled water in 
stores. When the artifact’s water 
reads zero salt, it has completed 
desalination, is safe from salts,  
and will begin the next part of  
conservation!

Elise B. Carroll is an assistant conservator at the 
QAR Lab. From Greenville, she began volunteering 
at the QAR Lab during her undergraduate studies. 
Completing her undergraduate degree at the 
University of Mississippi in history and anthropolo-
gy, Elise returned home to attend East Carolina 
University’s Program in Maritime Studies. 

OSMOSIS: a concentrated solution (seawater) goes 
through a membrane (the surface of the artifact) to a less 
concentrated solution (inside the artifact) to balance the 
amount of salt on both sides

Step 3
desalination
by Elise B. Carroll

Left: A plastic bin, some rubber gloves, and 
a TDS (Total Dissolved Salt) meter—tools 
that ECU student Kelsey Schmitz uses to 
measure salt in the water. Below: This cast-
iron cannonball was not desalinated. 
Runaway corrosion and physical stresses 
have caused it to break apart, making it 
almost unrecognizable. Images courtesy of the 
NC Department of Natural and Cultural Resources.

Once the salts are removed, there is more to be 
done before the artifacts can dry!

The largest organic artifacts—like the wood hull 
planking—may look like they did when they were 
made hundreds of years ago. But they are actually 
very fragile. This is because they have been in 
water for so long that the water has dissolved and 
replaced most of the cellular structures that once 
gave the organic artifacts their shape. If the water 
dries, the cells collapse, causing the artifacts to 
shrink, twist, or even crumble! 

To dry the artifacts safely, conservators must first 
replace the water with something denser that can 
support the artifact during and after drying in a 
process called bulking. The material used most 
often is polyethylene glycol, a waxlike substance 
that is solid at room temperature but can be  
melted and dissolved in water. You can even find  
it in everyday products, like lotion and toothpaste.

Organics aren’t the only materials that need  
a little help to keep looking good. Glass and 
ceramics are often immersed in or coated with 
special diluted glues. This process is called  
consolidation and can help keep brittle or  
fragile artifacts together.  

Though you may not think it, metals are very  
sensitive to their environment. Moisture and  
oxygen cause iron to rust (or oxidize) and copper  
to turn green. So one of the last conservation  
steps for metals is to paint on protective coatings. 
Copper is coated with a layer of special diluted 
glue. Because iron is so vulnerable to rusting, it 
gets two coatings: tannic acid (which as a side 
effect gives the iron a black surface) and wax or 
diluted glue.

Karen Martindale is a conservator at the QAR Lab. She earned her  
MA at Texas A&M University, where she helped excavate and conserve  
artifacts from shipwrecks in Sri Lanka, the Gulf Coast of Texas, and 
Savannah, Georgia.

Conservators Terry Williams, Erik Farrell, Arianna 
DiMucci, and Michelle Crepeau apply tannic acid 
to the surface of a cannon. Image courtesy of the NC 
Department of Natural and Cultural Resources.
 

By: Karen Martindale

Underwater Conservation

Step 4  
Bulking and  
consolidation 
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by Karen Martindale
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The key to preserving the finished artifacts for as long  
as possible is to control their storage environment,  
especially humidity—the amount of water vapor in  
the air.

Organic artifacts do best with a relative humidity around  
50 percent, just like what you have in your house or  
classroom. High humidity can lead to mold growth,  
but low humidity can make organic artifacts brittle. Other artifacts, such 
as iron, need a very dry environment to prevent rust from forming, so 
conservators use dehumidifiers and silica gel to lower the humidity as 
much as possible. Temperature and humidity monitors help conservators 
maintain the ideal storage environment for each type of artifact. 

Once all conservation and documentation is 
complete, the artifacts are ready to be transferred 
to the North Carolina Maritime Museum in 
Beaufort, where the curators use the artifacts  
to create exhibits about Blackbeard and Queen 
Anne’s Revenge. They also loan artifacts to other 
museums, including the Museum of History  
in Raleigh, the Museum of the Albemarle in 
Elizabeth City, the Graveyard of the Atlantic 
Museum in Hatteras, and the Smithsonian 
Institution in Washington, DC. 

They have even developed a traveling exhibit  
celebrating the 300th anniversary of Blackbeard’s 
adventures along the North Carolina coast. 

Karen Martindale is a conservator at the QAR Lab. 

Conservators use many different skills to help  
preserve and interpret the past, including  
photography and art! 

Archaeological photography provides a real repre-
sentation, or visual record, of an artifact at that 
point in time. Several considerations influence a 
photographer’s choices when taking artifact pho-
tos, including exposure, lighting, perspective, and 
lens focal length. Lighting, for example, can be 
altered to highlight certain markings on an artifact, 
like graffiti on lead cannon aprons.

QAR artifacts go through big changes from when 
they are fresh from the sea floor to when they’re 
ready to be shipped to the museum. To document 
those changes, artifacts go through several stages 
of photographic documentation. Photos are first 
taken immediately after recovery from the site. 
With each additional step of treatment, new  
photos are taken. After conservation, artifacts are 
photographed on a clean background in a pho-
tography studio. In every photo, scales are placed 
alongside the objects as a point of reference. The 
photographic series of artifacts gives future archaeol-
ogists (like you!) the ability to compare images and 
see how an object has changed throughout the 
entire conservation process. 

Once an artifact has finished with treatment, the 
last step of the process is to create a technical  
illustration of the artifact. Why illustrate an artifact 
when there are so many photos of it already? 
Illustrations are much better at conveying an 
object’s overall dimensions on a single image.  
You can take a photo of a house, but you need  
a blueprint to see how it’s built inside and out! 

By omitting certain stylistic techniques and using 
a variety of technical conventions, archaeological 
illustrations become more like interpretive diagrams 
than artistic or realistic portrayals of an artifact. 
Each form of documentation adds to the steadily 
growing archaeological, historical, and scientific 
record for QAR.

Jeremy Borrelli is an archaeologist at the QAR Lab. He has participated in 
several maritime archaeological projects both nationally and internationally 
in South Africa and Costa Rica. He joined the QAR team in 2012 and  
has worked in varied capacities as a lab technician and as a diver at the 
shipwreck site. 

Step 5
documentation
by Jeremy Borrelli

A

B

Above: This image of a delicate 
drinking glass fragment was taken in a photo studio. Then an  
artist made a technical drawing to create a more detailed record. 
Below left: Details on this lead cannon apron were hard to see at 
first. A photographer used a raking light to highlight the marks. 
Images courtesy of the NC Department of Natural and Cultural Resources.
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Step 6 
dry storage and
museum transfer

by Karen Martindale

THINK ABOUT IT
 
Do you think Blackbeard and his pirate 
crew ever thought about the year 2018 
when they were roaming the seas in 
1718? 

What would they think about all the 
work being done on the artifacts (objects) 
from their ship? What would they think 
about their “stuff” being displayed in 
museums?

What would they think about you dress-
ing up like a pirate and reading all about 
them in this issue of THJH magazine?

What if pirates from 1718 could look at 
“artifacts” from your life? What would 
they learn about you?

 • What has changed in 300 years?

 • What has stayed the same?

 

Storage in a dehydration box will help prevent rust on this iron 
cannon. Image courtesy of the NC Department of Natural and Cultural 
Resources.

dncr.nc.gov
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Design a pirate flag!

Choose from the flag symbols below, or invent your own.

A slow, painful 
death awaits you

Your time is 
running out

We are ready 
to kill you

A violent death
awaits you

Torment Death

Emmanuel Wynn’s  “Jolly Roger” flag Blackbeard’s flag Thomas Tew’s flag

Did You Know...
Pirate flags were used to frighten sailors so they would not put up a fight

Pirates would first fly a white flag. If a merchant ship refused to yield, the pirates would switch to a red flag, meaning that once they
boarded, no one would be spared

A black flag meant death, and a red flag battle. A yellow flag warned of sickness onboard 

Joli rouge means “pretty red” in French. Earlier pirates used this name to jokingly describe the bloodred flag. It is also thought to be the
origins for the Jolly Roger flag (the skull and crossed bones; it was the most popular pirate symbol of the 1700s). 

Pirates often carried flags of several different countries in order to get closer to their victims. This practice is known as flying “false colors.”


