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Executive Summary

This report desribes the procedures developed to measure shell temper in the expedgels

of archaeologicasherd using digital image analysis methods and provides instructions for how
to implement these procedures. It also provides confirmation that using a htohecked

version of the algorithms included can produce measurements on the shell temper comparable
to what is achieved with tradibnal microscopic petrographyith considerably less time
investment It further applies this method to achieve two results.the first instance it is

deployed to measure intesherd variation and in the second it is used to measure inter
household variation at the Moon Site, Arkansas.



Introduction

Archaeologists have long recognized the importance of studying tempmEramis.

Macroscopic analyses of temper are the cornerstones of analysesarhicform, function,
chronology, styleand technological choidq®ice 1987Shepard 1976 Analyses at the

microscopic level borrow technigues from geology, and identify, count, and measure temper
particlesand other inclusions. The most common method for accomplishing this is microscopic
petrography of thin sections prepared from sherds. This ingilvwe preparation of a thin

section and the separate analysis of that thin section by an experienced paptogr who

typically uses a crogslarizing microscope to aid with mineralogical identifications.

Microscopic petrography is frequently used as a means of identifying the source of clays based
on mineralogical clues, but has also been used to identifiyqurantify temper inclusions in

order to contribute to an understanding of some combinatiorcefamic form, function,
chronology, style, and technological cho{&toltman 19891991, 2000.

The biggest impediment to more widespread use of ceramic petrographic analysis is the cost
involved. Thin sectiopreparation can run $230 per sampldor a lab. Archaeologists

interested in making their own sections must have access to equipment normally only found in
geology departments and considerable expertise, however with those the process can be done
at abaut an hour per sample withaterial costs of a few cents &2 per sample. Once the thin
section is preparedanalyst fees can run $100 per sample or moFée alternative is having

access to a petrographic microscope, having considerable training eratogy, and the cost

of 4-6 hours per sample for a typical poipbinting petrography. With these costs and

equipment needs, it is no wonder that ceramic petrography remains underused and, when
deployed, it often is restricted to relatively small samgieesLivingood and Cordell 20D9

Over the last several years, archaeologists have mzed that digital technologies can assist
with various facets of the microscopic analyses of cerantiese are some of the applications:

Digital Microscope Many researchers have simply found that inexpensive scanners and
digital cameras can serve gsadily availableools to get images of higher magnification
that is easily possible with the human efxéelde and Druc 1998

Aid to countingg There are many image analysis programs that facilitate the task of
manipulating captured digital images to highlight features of desired interest and/or to
count features that have been highlighted loganual or automatic meang¢Vvelde and

Druc 1998Reedy 2006Whitbread 199).

Aid to identificationc Image analysis can easily take multiple views of the same subject
under different conditions, such as the use of polarizers or different lighting, and



produce composite, falseolor images that aid in theewing and identification of the
object(Livingood 200y

In my own research, th led to a project in which | analyzed temper of sherds from the Pevey
Site inMississippin prepared thin sectionf.ivingood 20102007). The thin sections were

scanned usig a consumegrade flatbed scanner and the images were processed using the
Image Analysis Toolkit by Reindeer Graphics. The fadged on mapping and measuring

three kinds of inclusiongand, grog, and sheihd used a mix of automated and usreced
methods to map the particle inclusions. Four of these thin sections were also examined by Ann
Cordell using traditional microscopic petrography, and the results confirmed that the
measurements of grog and shell were acceptably c{bséngood and Cordell 20P9

The bigesson from that work was thdhe digital approach and the traditi@h microscopic
petrography approach each have questions and applications for which they are better suited.
The advantages of the digital approach is that it can be faster and chedyeerit is deployed

on a large number of relatively homogenous sampled i&it can be partially or wholly
automated because thi&eaturesto be mappechave high visual contrast.

This researcls an attempt to testwhether under these conditions the digital approach is as
effective as it appeared in 2009. In this study, ith@dusions we are interested in measuring are
shell temper. Shell temper, when it is still present in the archaeological sample, has a high
visual contrast from the surrounding ceramic matritowever, he shell is often leached out of
archaeological sdrds because of the action of groundwater, and in that case the shell is visible
as highly linear voids. Both aspects of shell have high visual contrast. Further, shell and shell
voids are visible in the sherd edged therefore can be measured withoutemeed to

manufacture thin sectionsOther researchers have examinegtantshell in sherd edges using

a digital image analysis approaaniels and Lipo 200Bereira 201, but noneto my
knowledgehave evaluated its accuracy against other approadredtempted to map shell as
shell voids Therefore, this project seeks to discover if there is a rapid;dost procedure to
measure shell temper in the exposed edges of sherds and to test its accuracy agditishal
microscopic petrographyThe promise bsuch a method is that it would permit archaeologists

to ask research questions that have, up until now, been unapproachable because of their high
costs.

TheCeramic Sample

Themeasurement comes frorsherds from the Moon site (3P0488) in Arkan@&snn 1992
1998. The site is a laedy excavated palisaded village located in northeastern Arkansas that
dates to the MiddleMississippiarperiod (AD 12001400). 99.9 percent of the sherds recovered



from the excavations were undecorated shelinpered sherds, which made the sample ideal
for this study.
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Figure 1. Map showing the location of the Moon site.




Methods

This method works by taking a sesiof high resolution images of a smoothed and polished

sherd edge. These images are then manipulated to create a series of maps. The first map is of
the boundaries of the sherd edge. The second map is of extant, visible shell. The third map is
of the wids visible after the sherd face has been polished. The map of the voids is created by
taking three images of the sherd edge, one with light coming straight on and the other two with
light coming from an oblique side angle. By comparing these imagasassible to detect the
shadows and to therefore map the voidghe voids with a long aspect ratio are then selected as
representing shell.

Thegeneral procedure for capturing an image of the sherd edge for analysis are the following:

Prepare the sherddyge.

Place it on the prepared stage in front of the cameras.

Enter data about the sherd in a database.

Activate a macro which automatically grabs three images of the sherd edge. In addition,
a reference photo of the sherd face was collected

5. Store the inmge on a NAS device for later analysis.

Hw NP

What is to follow is a more detailed description of the procedures and equipment used in each
step of the process.

Prepare the sherd edge

It is important to create a flattened, smooth, and clean exposed sherd edgiafa capture.
After much experimentation, we found that the best results came from two stages of sanding
and then cleaning with compressed aur desire was to find a solution using inexpensive,
widely available tools if possible. Sanders are widedjlable, but we found most disc and belt
sanders were inappropriate. If they are rotatiagtoo high of a speed;aused most sherds to
crumbleduring sanding or polishingrhe best results were found withpair of Professional

al { SNDa a liddkbandergalsd spl@uhdeRthe name Variable Speed 10 Inch Disc
Sanderyold thraugh MicreMark. The sanders hawgljustable speeds arate capable of very
low speedof 300-400rpm. These speeds are an order of magnitude less tdoammercial disc
sancerstypically found in a hardware storeThe sanders used were marked to hobbyists
interested in working with balsa woodl'hese sanders wedsomade to be hooked up to
ShopVacs in order to reduce the dust levels.

The first sander was equipped with 3§60t standard sandpaper and was used to make a first
pass to flatteran already exposed sherd surfacBepending on the friability of the sherds
used, different grit sand paper may desired, and will require experimentatior860 grit
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worked fine for nost of our sherds, but some of the sherds with a denser, more compact paste
may have benefitted from a coarser pap&he second sander was equipped with 20 micron
diamond microfinishing film, which ised tosmooth the sherd surface. Special attention

needs to paid during this step that the film is not being overused, since that will cause very
small grooves to be worn in surface rather than to make a good pofdditionally, care needs

to be taken that the only process that occurs during this stegmeothing, not polishing.

Sherds with polished edges reflect too much light during the step involving direct lighting and
obscure the sherd surfac&ood sample preparation is very important.

After the sherd surface was smoothed it was cleaned usinlgst of air froman air compressor
equipped with a triggeactivated blow gurattachment This removed surface dust and
removed particles from the surface voidShe equipment used in this process was a Campbell
Hausfeld 2 Gallon Direct Drive Quiet Bompressor, but any small hobbyist air compressor will
work. If done in a lab setting you may wantcnsiderissues ohoisebefore selecting a

model.



Figure 2. Photograph of circular sander being used to smooth sherd face.



Figure 3. Close up oircular sander.

Figure 4 Topdown view of circular sander.
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Hgureb. Photograph of dust being removed from sherd face with air from an air compressor.

Capture of Sherd Image

The image of the sherd edge was generated by aHB3Mark Il digital caena equipped with

a Canon 100mm macro lens. The camera is capable of producing images of 5,632 x 3,750 pixels
(21.1 megapixels)At the time of purchase, it was the highest resolution camera model

available in a consumeagrade device Based on early exgiments, this was deemed to be

sufficient resolution taneasure shell inclusionsBased on prior worit_ivingood and Cordell
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2009), it is especially important to make sure the resolution is a match to the smallest feature

of interest. In thicase, | suspect that improvextcuracy could be achieved by increasing the
resolutionof imagecapture, especially for distinguishing fine shell present as voids, but that

this current resolution is sufficientncreasing resolution would be possible today since

consider cameras are now made (Spring 2013) with 36 megapixel sensors, but higher resolution
also comes with increased storage costs and increased processing time.

There were three images of the shexdgecollected by the EQ8Ds Mark Il camera. The first
was illuminated using a Canon MREX ring flash that was attached to the front of thenesa.

This had the effect of completely illuminating the sherd face and washing out all of the
shadows. A second picture was taken while an Alienbe&®0Bstudio flash illuminated the

sherd from a 55 degree angle (55 degrees as measured from the-8feeaimera axis). This

had the effect of illuminating the sherd from the right and casting shadows across the surface
of the sherd where voids were present. A third picture was taken while a different Alienbees B
800 studio flash illuminated the surface the left.

The camera was tethered to a computer via a USB connection and was controlled from the
O2YLJzi SNJ dzaAy 3 . NBST S { &amed sodarebhe three flasB Y2 G S t N
units were connected using synords. With this technology, the cama issues an electronic
pulse via the flash shoe on its top. This signal passes along cords that terminate in 3.5 mm
headphone jaclike connectors, which is typically plugged into a flash tivat triggers when

the signal arrives Rather than have theamera trigger a single flash every time, the system

this projectwas made controllable and flexable. The outgdlagh syncord from the camera

as well as the inputynccord for the three flashes were all plugged into a NCD R810PRO
electronic reay control. Electronic relay controls allow the computer to issue commands to
physically rearrange the circuit to connect certain devices while leaving other devices
unconnected.Prior to the first image being taken, the computssued a command to theslay

to connect the circuit between the camecamerasyncoutput andthe ring flash input

Therefore, when theamera was ordered to take a photograph and it sent the pulse to the
flash synconly the ring flash unit actived. Before the second imaggmmmand was sent to

the relay to only connect the single studio flash unit and the camera output and so on. As a
result, the computer could rapidly send commands to gather the three images using the three
required flash configurationsThe computer codéor interacting with the relay and the camera
will be posted to the Lwieh site

Some of the additional equipment needed@®@2 yy SO0 G KA & | LILJ NR3@dza Ay Of
{SNAFf !'RFLIWGSNI/2YLI GA0tS 6A0GK t/ kal! telaf YR b/ 5
G2 G0KS !'{. LERNI 2F (GKS O2YLlzi SNP»TurbbACa 2 | Wv dzl
Universal Battery (100 nn ! / 0 Q 6| & dzda SR-14EXringX®aghSaNdali KS / | y
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In addition to the images captured of the sherd edge, a single image was captured of the sherd
face for reference and study. This image was captured using a Canon EOD 40D Digital SLR
OF YSNI dz&AY DHI W/ HYREIVINSINY YAGQ G2 NBLXFOS o6l G
attached to anotheAlienbees BB0OO studio flash.

The entire apparatus was physically arranged in the following way. A wooden table was used to
support the sherd fophotography (a plywood bench found at surplus). Tdi#e was covered

in black felt, measurement scales, and color reference cargsecg of plywood was attached

to a springmotion hinge on the table edgelhe hinge selected is typically usectabiret

furniture and it springs readily to a fully open or a fully closed positiemrther, when the

plywood guide was raised, it stood up verticallsas held in position by the hingand created

a barrier that one could place the sherd edge agairdtisgave the workedoing the data

collectiona way to know where the camera field of vision is located and to ensure that the

sherd edge wasonsistentlyplaced at the same distance from the camefide wooden bar

could then be flipped down to allow photagphy of the sherd edge.

The EO8Ds Mark Il camera, ring flash, and tw8®) studio flash were placed on a scaffold

facing the wooden table. The scaffold was a heavy duty shelving unit with plywood shelves

this permitted flexibility in arranging the Ight of the shelves and also attachment points for

other pieces of equipmentThe EOSDs Mark lll camerawaé2 dzy 0 SR 2y | W! R2 N} Y
C20dzaAy 3 wlkAit {SGQ KA OKYWASSHNDY ASGSIESART yT Any’ S EYA2a0 SOt
.dzo ot S [ SO Sstokaslyshedk foiilevd. RThedzw8® flash units were mounted

to the scaffold at the same plane as the camera and at the 55 degrees from the sherd face. The
FflLakK dzyAGa ogSNBE adAftt NBtlFGA@Ste Of 2628 G2 (K
RSINBS INARRQ AyasSNIlia G2 KStLI NBRdzOS GKS f A3IKU

On top of the wooden table was mounted a camera reproduction stand holder which held the
Canon EOD 40D Digital SLR over the sample. The flash it was attached to was attached to the
scaffold at a similar horizontal level.

The table and the scaffold were both mounted to a plywood base to provent movement and
vibration during photography, andhé entire apparatus was then shroud in back material (a
pair of black fabric shower curtaissigpendedfrom plasticshower rods) that could be pulled
back with ease to permit access to the sample and equipment. This permitted us to reduce
incidental light during photography.
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Figure 6. Photograph of image capture apparatus.
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Figure 7. Closeupf @anage capture apparatus.
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Figure 8. Closep of stage for sherd. This shows the placement board in the up position. It
could be flipped down when it is time for image capture.
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Figure 9. Another closgp of the image capture stage, with Mark Ilhtera visible.
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Figure 10. Schematic overhead visualization of the arrangement of the Mark Il camera and ring
flash units.
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Figure 11. Example capture image of sherd face using ring flash.

Figure 12. Example capture image of sherd face using flashtfre right.

Figure 13. Example capture image of sherd face using flash from the left.
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