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Introduction

This study compares local clay sources with pottery
from sites in the Carolina Piedmont, Coastal Plain, and
Sandhills to explore patterns of resource acquisition and
residential mobility among people living in the Fort
Bragg region of the Sandhills during the Woodland era
(ca. 1500 B.C.— A.D. 1600). Neutron activation (NAA),
x-ray diffraction (XRD), and petrographic analyses were
conducted to characterize regional variation in the
chemical and mineral constituents of clay resources and
to assess the nature of correspondence between clay
resources and prehistoric pottery from each region.
Performance trials evaluated the usefulness of each
clay sample for making pottery.

The Sample

A total of 70 classifiable pottery samples was cho-
sen from 21 archaeological sites (Table 1). Ten pottery
samples were selected from each of five key sites in the
Piedmont and Coastal Plain. The sherds from each of
these sites are assumed to typify the pottery and repre-
sent the clay sources from the river basins in which
they occur. An additional 20 sherds were selected from
sites in the Sandhills.

Research Questions

. Are specific clay source regions recognizable on the
basis of chemical and mineralogical composition?

. If so, how do they correlate with pottery from ar-
chaeological sites?

A total of 84 clay samples was collected (Table 1).
Based on ethnographic evidence (Arnold 1985), the
sampling strategy focused on clay sources adjacent to
sites from which pottery samples were selected.

Distribution of clay samples and the archaeological sites from

which the pottery samples were drawn.
Table 1. Distribution of Samples

Clays

Province: Sherds  Collected  Analyzed
River Basin Site(s) (n) (n) (n)
Piedmont:
Haw-Cape Fear Haw River 10 31 10
(31Ch29)
Yadkin-Pee Dee Doerschuk 10 12 5
(31Mg22)
Coastal Plain:
Haw-Cape Fear Breece 10 6 5
(31Cd8)
Lumber Waccamaw sites 10 5 5
Yadkin-Pee Dee Kolb 10 9 5
(38Da75)
Sanahills:
Haw-Cape Fear Fort Bragg sites 12 21 12
Lumber Camp Mackall sites 8 0 0
Total 70 84 42

The Anthropological Analog

Each clay sample was subjected to performance and replication experiments to assess its suit-
ability for making coiled, paddle-and-anvil-built pots. The plasticity and strength of each clay sam-
ple was judged on the basis of coil, ball, and loop tests. Replication tests involved building, drying
and firing coil-built vessels.

Samples were assigned to ordinal workability classes designated as lean (a), moderately lean
(b), good (c), or fat. Because lean and moderately lean samples would not be appropriate analogs
for modeling prehistoric pottery-making technology, only good and fat clay samples were subjected
to replication experiments.

Small semi-conical pots were begun by coiling, the coils were annealed by hand, and the pots
were paddled. Results reveal that even clays exhibiting good workability and no excessive cracking,
warping, or shrinkage may not have the right combination of strength and plasticity for potting (1
and 2). Clays that are suitable for making pots neither slumped nor cracked during annealing and
paddling (3).

Overall, Sandhills clay samples performed poorly and Coastal Plain samples from the Lumber
and Pee Dee drainages performed the best (Table 2). The very best samples, however, came from
the Haw River area of the Piedmont. Only one good clay sample came from the Fort Bragg area,
and in fact the majority of Sandhills clays lack the plasticity necessary for building pots.

Table 2. Plasticity of Clay Samples

Province: Lean Mod Lean  Good Fat
River Basin (n) (n) n (n)
Piedmont:
Haw-Cape Fear 2 22 6 1
Yadkin-Pee Dee 3 9 0 0
Coastal Plain:
Haw-Cape Fear 0 3 3 0
Lumber 0 0 5 0
Yadkin-Pee Dee 0 1 6 2
Sandhills:

Haw-Cape Fear 12 8 1 0
Total 17 43 21 3
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Clay and C eramic Chcmistrg through Neutron Activation Analgsis

Neutron activation analysis (NAA) was employed to iden- | L=, _,F_ Fhar : ! % Y
tify chemical differences between ceramic samples and clay I £ \}4,/ ", | \}4,/
resource areas. These data were explored through stan- =3 "‘F}'—{ s N ;_““’}J ] : “{_ |
dard procedures to assess the similarity and dissimilarity | \I’ ' °j’ -3
among the regions sampled (Bieber et al. 1976; Bishop and . x,..

Neff 1989; Harbottle 1976; Neff 1992; Sayre 1975; Speak- 5 A
man and Glasscock 2006). S f Y %

NAA provided elemental concentration values for 30 de- —~ : | ~ 2
tectable elements in the ceramic and clay samples. Princi- [ ]
pal components analysis (PCA) of the dataset indicates that
there are six recognizable compositional groups, separation
of which is largely based on calcium (Ca), sodium (Na), and,
to a lesser extent, manganese (Mn) concentrations. When
the number of elements considered is reduced from 30 to
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10, these groups are more clearly differentiated. Fifty-five
of the 70 pottery specimens and 36 of the 42 clay samples
can be assigned to one of these six groups.

Pottery samples assigned to chemical groups based on Ma-
halanobis distance and posterior classification derived from
PCO01-PC04 using the abbreviated element list.

Clay samples assigned to chemical groups based on Maha-
lanobis distance and posterior classification derived from

PC01-PC04 using the abbreviated element list.

Pottery Clay

Samples from the Piedmont fall primarily into Chemical
Group 2B, characterized by relatively high Ca and Mn con-

Piedmont clays tend to fall in Group 2B, as do Coastal
Plain clays collected along the Pee Dee and Cape Fear Riv-
centrations and low Na concentrations. Mineralogical analy- ers.

In contrast, clays collected elsewhere in the Coastal
ses reveal that the source of the Ca in these samples is ig- Plain and in the Sandhills belong to Group 3.
neous rock inclusions, some of which may have been added With the exceptions of a single Chemical Group 4 clay in
= as tempering material. the Sandhills and an anomalous Group 3 clay found on the
E:‘_ Coastal Plain sherds are chemically distinct in compari- Haw River, these results make sense from a geological
E son to Piedmont sherds. The Breece samples from the mid- standpoint. Group 2B represents Piedmont clay sources and
3z dle Cape Fear drainage are homogeneous: all assigned secondary alluvial clays redeposited on Coastal Plain rivers
E_ | = specimens belong to Group 3, which exhibits intermediate that originated in the Piedmont. Group 3 represents
g’ | concentrations of Ca, Na, and Mn. This homogeneity sug- Sandhills and Coastal Plain clays.
" . gests a specific local clay source in the vicinity of the site. Yet these results are somewhat surprising from an ar-
E In contrast, samples from the Kolb and Waccamaw sites chaeological perspective. The chemical similarities between
: S 1 () 4 34 tend to fall into Groups 4 and 5. Group 4 is characterized Piedmont sherds and clays indicate local origins for pottery
prt e s T by high Ca and intermediate Na and Mn, while Group 5 ex-

found at the Doerschuk and Haw River sites. Yet whereas
the chemical homogeneity of the Breece pottery also sug-
gests a single, local clay source that would be expected to
classify as Group 3, clays collected from the middle Cape
Fear basin all assign to group 2B. Similarly, the majority of
sherds from the Kolb site classify as Group 4, while most
clays from the same area belong to Group 2B.

Principal Component 1 hibits low Ca and Mn and intermediate Na concentrations.

Significantly, the Sandhills samples are the most chemi-
cally heterogeneous. Fort Bragg sherds fall into Groups 1,
2B, 3, and 5. The presence of four distinct chemical groups
in the Sandhills indicates that potters in this region utilized
clays from multiple source locations.

Plot of principal components 1 and 4 derived from PCA of
the pottery and clay samples. Ellipses are drawn at the 90%
confidence interval. (From Speakman and Glascock 2006.)

C!ag Mlneralogg tlﬁrouglﬁ X~ra3 DnCFractlon
To further distinguish clay resource areas, x-ray
diffraction (XRD) was employed to identify the rela-
tive abundance of ten crystalline minerals in the clay
samples. The generated ordinal data were mapped
to facilitate identification of geographic patterning. I N, %), - I N %

With only a few exceptions, the distribution of [ %
plagioclase and K-feldspar tends to mirror the distri- ] 5 ] ]
bution of Chemical Group 2B clays found in the Pied- [ 4 JIE2 [ 4
mont and along Coastal Plain rivers originating in the | £ b | y b
Piedmont. Amphibole is also restricted to the Pied- | H X | H X
mont, but occurs primarily in the Yadkin drainage. — | b — |
Occurrences of gibbsite and lepidocrocite are limited
to the Sandhills and Coastal Plain, although they ap-
pear in both Chemical Group 2B and Chemical Group
3 clays in these areas. If these preliminary patterns
are substantiated through additional analyses, these
five minerals may prove useful in identifying broad > 1 e AL e
geographic resource-procurement regions. | ¥ % 5L ’ I N % 5L ’ I W N

Quartz and clay minerals (chlorite, illite, kaolin,
and smectite) occur almost everywhere and were 5 A A
consequently eliminated from further consideration at | 4 { b [ 4 {
this stage in the study. It is anticipated that further | s | / s
study will yield interval-level data for these minerals. [ % | ] [ % | ]
At present, it appears that the only clay samples with ! i
abundant kaolin are in the western portion of Fort
Bragg.
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Mineral Group 1 samples include a
mineral suite composed primarily of
pyroxene and plagioclase derived from
mafic igneous rock.

opaque minerals, and igneous rock fragments.

mineral content of the igneous rock fragments.

Mineral Group 2 samples incorporate quartz, feldspar, biotite, muscovite, amphibole,
This group is divided into subgroups
(2a and 2b) according to the mafic (amphibole, muscovite, and biotite) and opaque

Iy i

Mineral Group 3 samples contain musco-
vite, monocrystalline quartz, polygranular
quartz rock fragments, and, in about half
of the specimens, grog.

A Ay Pottery

Once the mineralogical distinctions between clay
regions are fully understood, we will look for correla-
tions between specific clay and pottery samples. Ac-
cordingly, thin sections from the 70 pottery samples
were also submitted for petrographic analyses.
These analyses indicate that the sherds can be classi-
fied according to three distinct mineral groups (Smith
2003), the distribution of which resembles the basic
patterning suggested by NAA and XRD.

Piedmont sherds cluster in Mineral Groups 1, 2a,
and 2b. These groups are characterized by Ca-rich

n Maha-
red from
Clay
o Coastal To identify additional diagnostic mineralogical dif-
Fear Riv- ferences between the clay resource regions, fired test
e Coastal tiles made from the 42 clay samples are being ana-
lyzed according to standard petrographic procedures.
) 4 clay in Disappointingly, final data is not yet available for
1d on the all of the clay samples. A few distinctive samples
jeological have already been identified, however. In particular,
urces and clays found near the Kolb site in the Pee Dee basin
ain rivers consist of very fine-grained quartz and muscovite
epresents aplastic material that is unique for its small size and
limited compositional variation. Kolb clays can be
im an ar- distinguished from other fine-grained aplastic clays
; between from the Deep River basin in the Piedmont as well as o .
or pottery from all coarser-grained aplastic clays. As petro- Distribution of pottery samples by mineral group.
- whereas graphic analyses proceed, more distinctions between
also sug- clay regions may become apparent. Table 3. G Table of and
pected to Chemical Groups
idle Cape Chemical Group
L 1 2a 2b 4,3 5 unx
1ajority of Mineral Group  (n) (n) (n) (n)i (n) (n) (n)
hile most ! N
2a 2 1 5{2
20 14 112 3
3 373 s
unx 2 1

minerals such as clinopyroxene (augite), plagioclase
(labradorite), and amphibole and generally corre-
spond to Ca-rich Chemical Groups 1, 2a, 2b, and 4
(Table 3). In contrast, Breece and Sandhills sherds
belong to quartz-rich Mineral Group 3, which corre-
sponds to Ca-poor Chemical Groups 3 and 5. The
Kolb and Waccamaw sherds show greater mineralogi-

(onclusions

Chemical and mineralogical similarities between sherds and clays from the same area pre-
sumably reflect exploitation of local clay sources. Based on the convergent results of NAA,
XRD, and petrographic analyses, we conclude that potters at the Haw River and Doerschuk sites
used locally available Piedmont clays. The chemical and mineralogical homogeneity of the
Breece sherds also suggests a local clay source in the vicinity of the site, but the chemical dis-
tinction between the sherds and local clays is unexpected, especially given that Breece sherds
are grog-tempered. We hope that petrographic analyses of clay test tiles will shed some light
on this puzzle.

The presence of several distinct chemical and mineral groups among the Sandhills, Kolb, and
Waccamaw sherds suggests that potters in these regions utilized clays from multiple locations.
Additional study may help determine whether potters used several different clays from the same
general region or exploited clays in more than one region. Our own efforts to find workable
clays suggest that good clays are especially difficult to find in the Sandhills, and we therefore
consider it likely that at least some of the variability among Sandhills sherds reflects the use of
exotic clay sources. The available mineralogical evidence suggests that Coastal Plain clays may
be better represented among the Sandhills sherds than Piedmont clays, although the chemical
data indicate that pottery may have been imported from both Coastal Plain and Piedmont
sources.

Identifying the source locations of clays used to manufacture prehistoric pots and subse-
quent movement of those pots to other locations provides a means of understanding group mo-
bility and social interaction. Our results indicate that pottery may have circulated over broad re-
gions, suggesting high levels of residential mobility and implying that the acquisition of clay
from distant sources was a critical feature of Woodland-era subsistence in the Sandhills.

cal variation, with some Ca-rich samples resembling
Piedmont sherds and other samples resembling Ca-

poor Coastal Plain specimens.

Acknowledgments

Robert J. Speakman and Michael D. Glascock performed the NAA analy-
ses at the Archaeometry Laboratory of the Missouri University Research Re-
actor. XRD analyses were carried out by Paul Schroeder and Sheldon
Skaggs at the Department of Geology at the University of Georgia. Michael
Smith of the Department of Earth Sciences at UNC-Wilmington conducted
the petrographic analyses.

References

Amold, D. E.
1985 Ceramic Theory and Cultural Process. Cambridge University Press, Cambridge.
Bieber, A. M., Jr, D. W. Brooks, G. Harbottle, and E. V. Sayre

1976 Application of multivariate techniques to analytical data on Aegean ceramics. Ar-
chaeometry 18:59-74.

Bishop, R. L., and H. Neff

1989 Compositional data analysis in archaeology. In Chemistry 1, edited by

R. 0. Allen, pp. 576-586. Advances in Chemistry Series 220, American Chemical Society,
Washington, D.C.
Harbottle, G.

1976 Activation analysis in archaeology. Radlochemistry 3:33-72. The Chemical Society, Lon-

don.
Neff, H.

1992 Introduction. In Chemical Characterization of Ceramic Pastes in Archaeology, edited by

H. Neff, pp. 1-10. Prehistory Press, Madison, Wisconsin.
Sayre, E. V.

1975 Brookhaven Procedures for Statistical Analyses of Multivariate Archaeometric Data.

Brookhaven National Laboratory Report BNL-23128. New York.
Smith, M. S.

2003 Patterns in the Mineral and Chemical Composition of Metavolcanic Stone and Pottery:
A Pilot Study for Identifying Raw Material Source Areas for Prehistoric Artifacts from Fort
Bragg, North Carolina. Submitted to TRC Garrow Associates, Inc., Durham, and Fort Bragg
Cultural Resources Program, Fort Bragg, North Carolina

Speakman, R. J,, and M. D. Glascock

2006 Instrumental Neutron Activation Analysis of Ceramic Materials from Fort Bragg. Sub-

mitted to Fort Bragg Cultural Resources Program, Fort Bragg, North Carolina.




Hog Jo uopiod WM 3yt Uy 2l

SHIUPUES 217 U] 32URASISGNS B13-PUEPOON J0 2IMIE3) [ESQL © SeM SADINCS UEISIP WO
fiupues o 1SaNS 212-PUEIPOO J0 3 1220 aweisp woy 1t saidues Aep Auo atp 1euq siea

fep o uoISINbR 341 19wt Buw) Pue AUIGOW [2AUSPIS31 JO PR3] UGN BURSIBENS 'SuOID

21 PRO1q 1N PREINOID aNey Aeww AIBTIod ey NEIPU SNS31 INO “UORRLEI €05 PUE AWIG | \ \ Y
» w0y 12 UORRIRPISUTD U
n‘ n‘ | 2RM pue 2RUWAIN oWl IO (B pue
| 1 1 , ¥ ‘Ujoey "2yl ‘awol) siesui Aep pue 2uend
W w k| URI01-20110531 A0
K PN & | peoia Bukuap v sn anoid Kew sieseunu any S0 B & 1 ot 3021 ke sipupues upue
T T EE35 asaun soshreue jeuonippe unoin paenuzsans ase ‘eaie 66019 04 347 0L 3> WS AeP POOS U0 AUD IUOWPRIJ ) J0 318 AR MeH 3

Summed AU 25 )T “Sea S50 bt SAEP €
o B pue G2 dNosD LB (oq U 630
e [e3500) pue sjipues alj o}

woy auen “aramoy ‘sajdues 153 Aan 241 (Z 2ideL) 1520 ) paLLIOLad saBeureip 33q 33 U
12quim 341 wouy saiduwes el [e1se0) pue Auood pawioyad sajdues Aep siiupueS ‘A0

/o UMO INO UOIB3 3UO UBLY 3I0W Uy SAeP PO
uwes Uy woy ke uasap [e12Aas Pasn s1a70d UM AUWIEP oY Aew AP fewonippY [
‘SU0RE20) BN WL SAEP PaZIRN SUOISAI 25U Ui SIaR0d JeLp SISABENS SPISLS MEWEEN
P ‘G0 ‘SIIPUES 341 BUOWR SANOIB (eI PUB RIS PUISIP 252435 J0 390353.d 3L

pue Bujeauue Buunp paxen Jou paduunis ayyau sjod Buews 1o} 31Geuns aie ey sk

-aiznd s uo
2By 3105 pays |1 SaIR 523 AeP Jo saskieue desbosad 36 adoy a ‘pasRduR-0l6 ke
SpIaUS 239315 1e4 UIND Aep3dsD ‘PIAAXRUN S| SABP (20| PUB SPIRUS U USBMAG Lo

U YN 941 P0G YDO3SEI 0 RPN P U
SuswBpmOwDY

‘suswipads ueld [e15e0D Jo0d
J0UES 12430 PUE SPIRUS WOLPILd

2103 Wiy ' OIS eI PU-zeND 0) BUoRq
SPiBys SpueS pue 22924 e Ul (£ AGeL)
¥ pue ‘Gz ‘ez 'T sdnos9 D tp-eD o puods
-ou0> Ajeuab pue aoqudue pue ‘(aopeige)
asepoibed ‘(ayne) auxoikdousp se pns sieRU
\pure kq pazispeIet 2ue schosb ssaUL Gz pue
‘ez 1 sdnouD feRuK Ul SIS SpIRUS WOLPRIY

QX Pue Yy Aq paisaBEns Busoned

21520 3L SAGRSDI LDIUM JO UORNALASIP ) “(E002
1) Sdnoi [esUl PURSIp 22147 03 BupIO3De pay
a1e0ipu sesfieue 3oL
ue dudeibonod L0j pamwans osie im
s Asaiod 0/ a4 Wy sUORS Ukp ABUpICD
sodues Asamod pue Aep oyads usaNRq suon
~B[21103 10} YOOI 14 30 ‘POCISISPUN APy 24e SUOIGI
Aep UaMIPQ SUOMPLISID (EIBOIERLI B U0

Aonod

6016 ‘suawads a4l Jo
Jeu 1noge u ‘pue ‘Swaubey pos zuend
JepueiBAod ‘Zuenb aulEIsAouOw 2y
oSN e SapdweS € N0ID (e

e
pue eiBoreu Jo 1geL KuBURUGD € L

‘GN0IB fesaunu Aq sapdwes A3N0d Jo UORNGLASIA

~SIp [291WBLD 3L 10 ‘23S 344 J0 AYUIDIA 3L U] 32110S Aep [e30] © S15BENS Osfe spiays 232ig
o AysuaBoluoy [EIBOERLIL PUR [EWALD AL “SAEP WOWPRI G

uasedde 21032 Aew suolba Aep
U3BIaq SUORPUSIP 310W P30 S3sKjeve udesd
-onad sy ‘shep onseide paurei > e woy
Se /2 5© JUOWPaIg 3L Ui Useq sanny 6330 21 WOl
Skep anseide pauieiB-auy PO Woy PAUSINBURSIP
2 ue> Shep oy “uonewen feuonisoduad pa
pue a21s lews sy Joj anblun 1 Jeuy [ewatew dnselde
Suno2snL pue Zuerb pauieiB-auy Aih Jo SIS0

1 050uBelp [euoRIpPe AU oL
e

01 snoaub yew
wouy paniap asepoibeld pue auaxoid
10 Aewid pasoduiod ayns fesou
© pnpul sadwes 1 dnoio [eiul

uoppes] e ySnoays ASojesoul feD)

82 dnou 03 Buojaq ease awes ) woy skep.

ade) appuw oy woy VI shep ' i
o1 papadc@ 2q piow 161 22105 fep 2ol
605 osfe Aiomod aooasg aun Jo Asaustoloy

453100 1oj SuIBUO 1230] 31E2IPUI SAEP PUE SIS ORI
UBBIMIBq SINUEIUS [EIWAP UL “BAadsIRd [EIBol03eL
1o Ue ol BUSLAINS JeUMaWIOS 3l SYNSaI 25U 1o
‘Skep uld [e3580D Pue SiIpueS
Swasaida: € GOy WoWPB AU Ul PIRUIBLO. Jeuy
Sian uplg [1500) U0 paysodapal shep femne Aiepuoxs
pue 530105 Aep uouwpelg Siussaida: g dnos

[e2B0j036 © woy 3suss Byew SyNsaI 3531
1 U0 punoy Aep ¢ dnoin snojewoue e put
U1 4ep b dnos9 [e21UD 316U © Jo SUOAa® 34} WM.

£ G010 03 BUORQ S YPUS U Ut pUe Ljeid
e15203 94y Ul @sUMISID a0 Shep
-y 034 3de) pue 330 3
exse00 0p se ‘gz dnoio,

e

151 UBWaP PajeINaIGQE DL BUISN P0DA-103d
oy paNUEp LoREdySSE JoLBISod PUE FUESIP SIGouE]
~eue U0 paseq sAN0IB B O] PaUBISSE SaIdwes Aer)

suoqeao] 32:n0s aidain woy skep.

PaZIIN UOIGa SIA Ul SI270d Teuy SAEIPU SIIPUES U Ul

43 5 GN0ID 311y ‘Ui PUE BN SALIPAIIN PUt
pazapesep 1 4 dnoig s pue b sdnoio oy

-BS AyRUaBOWOY SIUL "U Pue ‘BN

epawIRLl S LI ‘E dnoiD 01 Buofpq Suawpads
paubisse le isnoauabowoy aie abeuesp ieay ade) AP
Pl 34 WOy S3{dues 353318 3L "SPIAS OWPRIG 03 UOS.
~1eduwo> U PURSIP AW 316 SPIRUS Uld 015200

ey Busadua se

PRPPR U230 N2 Ao U JO A0S SUOSTP PO 510

6151 soues ason 10 321005 24 104 feanas 525

e 3BofeiauIN "SUORALENC) e MOl PUE SUOReALE)

403 U pue € UBly AaniER: Aq pazEEID ‘7 chos

oD G AL Wowpaig o woy sadues
oo

1210 24 Busn b034-103d
souaisod pue axuesip sigoueley
/2P Oy paubisse sapdues A2Wod

21 94 Aypuap! 01 pakoid sem (X) womeIyP
fesx ‘sease 32un0sai Kep ysINBURSIP 2Ny oL

(:9002 1035219 pue Ueusieads Wos) “[eAIZIUN SDUPYLC
906 21 12 UMeIp 1@ SIS “saiduwes Aep pue AiHOd
10 ¥Dd WOy PaNEP b pue T SWaUOGWO) fedpuLd 10 10id

y = 25096 Jo SoUBLNIO. p
ot s 1 S e ¢ z M 1) Bumod Joj Ayonseld pue LBLRS Jo UOREUIGW0 B 33 aney ou Aew aBeyuLYS o ‘Buidiem
X ' ‘ “porpped
= Pt oy oups,
e oy s S0 1 P ity A PR 590 513 4 BN K UG S5 1 R85
, g v 1 oy 3 52 R A e v
| Tmpon o P P s . - Dol o soples e o} e oo Ao DO, BRI ORI GO
) 5 1o uonr ‘suondaowe 3} & Ao M. |
A S - 1
L oddes s o Ui preio aul s &
e ep 3t Ul sjeRUIL BuyjEISAD U3} Jo 32uBpUNGE AR - "

MO_NC,Q\ _Nu_m.o_omol:._u:{\

i od

|
|
|

5 o

o
» s

meNLMOLuuL F_M30Lr_u m«wo_m‘_uc__)_ u_EmLo\.U pue mm_u

‘04£82 ON ‘Bbeig yiod ‘uoising

‘sdhou6 xs 35347 Jo U0 03 paUBISse 3 LD
saidwes Aep 2 344 Jo 9 pue suBIPds AIaN0d 0 34 J0
Sny-Ay PoIRnURILP Aueap 210w aie sdnoib asauy ‘01
01 0 WOl PIONPRI S1 PAIPISUO> SR J0 J2GUN AL

“pue ‘(eN) wnipos ‘(e2) wnpled o paseq ARG
uonesedas ‘sdnosb [euonisoduucy 21gezBe3al XIS e Ly
191 S31e0IpUI 95219 341 J0 (WD) Sisheue SO fed
DU "59I0WeS A2 PU DIWEIE) AU Ul SWAWRP FAEPE
-2 0 4oj SaNjeA UORLAUALOD [eIUBI3R PaPINOI VYN
(9007 po3sser pue uew
feads ‘5461 2145 ‘2661 4N '9L6T MOGLH ‘66T 4N
L61 “1o 12 12G21g) pajdues suoiGa: 34} Buowe

2D pue soidues DlWesa) LGNRq SRS
-uapi o3 pakoidusa sem () siskeue woges

m_mm,_m:< co_uwzgu( EO.GBOZ r_m:o.:._a mgumeoJU u_Em._UU pue mm_U

‘wesboid [eamInD, ‘66542 ON ‘IlIH 19deyD ‘eullo1eD yLON 40 AyysioAn ABOI0SLYDLY JO SUOLIOqET Y2IEISIY,

MaqueH "I ydasor pue  spjoukayo '3 esasay)

SOINVYID ANV SAVID 10 AAN LS TIVOIDO TV INIWANY TVOIWIHD V
SYNIMOUYD THLNIUINIWIHNDOAS AV IO VI I-ANVIAOOM

0) Juaoe(pe $301N0s A Lo pasnaoj ABaeas bulidwes
a1 ‘(861 plowy) s0uspina dudeifoups o pases
(5 9GeL) paal> Sem Safcues A2 48 Jo 63V
“Siypues o u 5915
oy paaS 2 Spiay OZ UORPPE Uy %0 o
1P U suseq o o woy seaos Aep aup RS
-24da. pue Aianod ay) AJidA) 0} pawnsse aJe sas asauy

Hiamod vay. (1 21qeL)
-oup sem saidwes Aiaod aqeussep 0L 10 12101 ¥

woy says exBojosepie A pue saidues Aep o L

esaus [eabojoaRp

12 woy Aienod i 31RO /ol op MOY 05 JT

2uomSodwo? [EIB0fesRUIY U WA Jo SIseq

a1 U0 21gezuBo3al suoisas 20in0s Aep dypads Ay
‘suopsend yaeasoy

“Kianod Guews oj a(dues Aep
LpEs Jo SSRUMESN B paIENeNd SIELR BdUBULIOYRY
“uoiBa: ypee woy Aiayod duorsiyaid pue sadnosal
Aep usaNIq 22UAPUOdSaLI0D Jo My By 5SasSe O}
Pue S30n0521 AP J0 SIUAMSUO3 [EAULI PUE [ELAPD
241 Ul voneyen [2uoiBas 1o 01 papnpUC
aam sasAjeve ideibosad pue ‘(QyK) UORLP Aotk
“(4¥N) uonenRe uoanaN “(0091 “Q'Y <2'8 00ST &)
£ PUeIPOOIA 343 BULNP S|IPUeS 34} JO UOIBs BBig
04 3wy Buil aidosd Buowe AyGow [enuaprsas
pue uoRisiNboe in0sa1 J0 swiaed 310IGKR 0 ILPUES
Pue ‘Ul [€1500) UOLaId @UI0R) 3} Ut SIS WOl
A2m0d i 5391105 Aepp 1220} s21eduwcd AP SiuL
vopPnposux

MIAIDA(TY 29 F..L



	McReynolds & Herbert SAA 2006.page 0.pdf
	McReynolds & Herbert SAA 2006.page 1.pdf
	McReynolds & Herbert SAA 2006.page 2.pdf
	McReynolds & Herbert SAA 2006.page 3.pdf
	McReynolds & Herbert SAA 2006.page 4.pdf

