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$ PXOWL DQDO\
QLQH

ODQXVFULSW 1XPEHU
)XOO0 7LWOH

$UWLFOH 7\SH
)XQGLQJ ,QIRUPDWLRQ

$SEVWUDFW

&RUUHVSRQGLQJ $XWKRU

&RUUHVSRQGLQJ $XWKRU

&RUUHVSRQGLQJ $XWKRU
,QIRUPDWLRQ

&RUUHVSRQGLQJ $XWKRU

&RUUHVSRQGLQJ $XWKRU
,QVWLWXWLRQ

JLUVW $XWKRU

+HULWDJH 6FLHQFH
LFDO VWXG\ RI KLVWRULFDO FRDWHG
WHHQWK FHQWXU\ 9 $ FDVW RI D WRPI
ODQXVFULSW 'UDIW
+6&, 5

$ PXOWL DQDO\WLFDO VWXG\ Rl KLVWRULFDO FRDWHG SOD\
QLQHWHHQWK FHQWXU\ 9 $ FDVW RI D WRPEVWRQH

5HVHDUFK DUWLFOH

$$UW5V DQG +XPDQLWLHV S5HYHRUEK &RXQFLO$.2328/26
+ i)

$ PXOWL DQDO\WLFDO VWXG\ ZDV GHVLJQHG WR FKDUDFWH!
7KH PHWKRG ZDV DSSOLHG WR LQYHVWLJDWH WKH VXUIDFH
SODVWHU FDVW Rl WKH WRPEVWRQH Rl WKH 3UHVE\WHU %U
$OEHUW OXVHXP FROOHFWLRQ $W ILUVW VHOHFWHG VDPS(
9LVLEOH /LJKW 5HIOHFWDQFH DQG 8OWUD 9LROHW )OXRUHV
891 20 UHVSHFWLYHO\ DQG 6FDQQLQJ (OHFWURQ OLFURVFR
FRQVLVWHQW VWUDWLJUDSK\ IHDWXULQJ D EXON DQ LQWH
OD\HU DSSHDUHG WR FRQVLVW RI DQ DJHG FRDWLQJ DQG G
Rl WKH REMHFW JHQHUDWHG VDPSOHV WKDW KDG DGGLWLR
DIRUHPHQWLRQHG VWUDWLJUDSK\ $ OD\HU WKDW VHHPHG "
RU D FRDWLQJ WKDW KDG QRW EHHQ DEVRUEHG WR WKH EX
VDPSOHV (OHPHQWDO FKDUDFWHUL]DWLRQ ZDV FDUULHG R
VSHFWURVFRS\ ('6 DQG IXUWKHU DQDO\VHV ZHUH SHUIRUP
DQG )RXULHU WUDQVIRUP LQIUDUHG )7 ,5 VSHFWURVFRS\ :
LPDJLQJ ZKLFK FRQILUPHG WKDW WKH EXON RI WKH REMHF\
FRQWDLQLQJ PRVWO\ VLOLFDWH DQG FDUERQDWH LQFOXVL
VSHFWURPHWU\ *& 06 DQG S\URO\VLV *& 06 ZLWK H[WUDFW
SURSDQRO IROORZHG E\ SHQWDIOXRURSURSLRQLF DQK\GUL
K\GUR[LGH 70%$+ DQG WULIOXRURPHWK\OSKHQ\OWULPHWHK
7)37%$+ ZHUH SHUIRUPHG WR GHWHFW RUJDQLF PHGLD 7KH
RUJDQLF PHGLXP XVHG IRU WKH VXUIDFH FRDWLQJ LV D GL\
DOXPLQLXP DQG WUDFHV RI RWKHU LQRUJDQLF HOHPHQWYV
DUHDV ZDV EDVHG RQ DON\G UHVLQV DQG WKH LQ SDLQWYV
VLOLFRQ DQG EDULXP DW YDULHG FRQFHQWUDWLRQV 7KLV
JHQHUDWH D EHWWHU XQGHUVWDQGLQJ RI PDQXIDFWXULQJ
FRQVHUYDWLRQ LVVXHV RI FRDWHG SODVWHU REMHFWYV

&+$5,6 7+(2'25%$.2328/26 3K '
1RUWKXPEULD 8QLYHUVLW\
1HZFDVWOH XSRQ 7\QH 81,7(' .,1*'20

FBDUQV WKHRGRUDNRSRXORV#QRUWKXPEULD DF XN
6HFRQGDU\

VRQWWEKWEKWIIRQQLYHUVLW\
V 6HFRQGDU\

9DOHQWLQD 5LVGRQQH

)LUVW $XWKRU 6HFRQGDU\ ,QIRUPDWLRQ

2UGHU RI $XWKRUV

9DOHQWLQD 5LVGRQQH
&KDUORWWH +XEEDUG
-RKDQQD 3XLVWR

&+$5,6 7+(2'25$.2328/26 3K '

2UGHU RI $XWKRUV 6HFRQGDU\ ,QIRUPDWLRQ
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5HVSRQVH WR 5HYLHZHUV &RPPHQWYV IURP WKH (GLWRUV DQG 5HYLHZHUYV

(GLWRULDO &RPPHQWYV

30HDVH GRZQORDG WKH DWWDFKPHQW ZKLFK FRQWDLQV FF
FRUUHFWLRQV

0\ RULJLQDO UHDGLQJ RI WKH DUWLFOH ZDV WKDW LW LV R/
ORFDO FRQVHUYDWLRQ VWXG\ +HULWDJH 6FLHQFH LV DQ L
SXEOLVK SDSHUV WKDW KDYH DQ LOWHUQDWLRQDO LQWHUL
DXWKRUV 2WKHUZLVH WKHUH DUH PDQ\ ORFDO RU PRUH V!
VWXGLHVY FDQ EH UHSRUWHG +RZHYHU UHDGLQJ \RXU LQW
KDV D PRUH JHQHULF LOQWHUHVW LQ WKH VWXG\ RI SODVWH
HQYLURQPHQW PD\ DSSUHFLDWH 7KLV ZLGHU LQWHUHVW V
DEVWUDFW DV WKLV ZRXOG GUDZ LQ LQWHUQDWLRQDO UHD
WLPH UHDGLQJ D SDSHU LQ GHWDLO E\ ELEOLRPHWULF VHD
NH\ZRUGYV

'HDU HGLWRU
7KDQN \RX IRU WKH UHYLHZVY DQG \RXU DGYLFH ,QGHHG R>
RQ WKH UHSUHVHQWDWLYH FDVH VWXG\ LV WR GUDZ LQWHL
EH DQ DSSHDOLQJ SDSHU IRU WKH IROORZLQJ UHDVRQV
WKH LQWHUHVW LQ SODVWHU UHSOLFDV KDV JURZQ LQ WK
PDWHULDO VWXGLHVY SXEOLVKHG VR IDU 5LVGRQQH HW DO
SXEOLVKHG PDWHULDO RQ WKH WRSLF

SODVWHU FDVWLQJ LQ WKH QLOQHWHHQWK FHQWXU\ ZDV D
PHWKRGV IRU PDNLQJ FDVWV ZHUH VWDQGDUGLVHG GHVSL
DQG FRDWLQJ PDWHULDOV 3D\QH 5LVGRQQH HW DO
LQ IHZ FDVHV KLVWRULF SODVWHU FDVWV ZHUH DQDO\VHC
ZHUH SXEOLVKHG RU DQDO\VLY ZDV XQGHUWDNHQ EXW WKH
,VHOOD HW DO :ROEHUV /LWWOH

WKLY SDSHU UHSUHVHQWY D UHODWLYHO\ YLUJLQ ILHOG F
UHIHUHQFHV LQFOXGLQJ PRFN XSV UHIHUHQFHV DQG FDVH

WRGD\ WKHUH DUH PRUH WKDQ FROOHFWLRQV RI FDVW\
FROOHFWLRQV WR ODUJH RQHV FRQVLVWLQJ RI WKRXVDQG\
DERXW REMHFWV *UDHSOHU B5XSSHO +XEEDUG

LQ WKH QLQHWHHQWK FHQWXU\ WKH 9 $ FDVW FROOHFWL
DFURVV WKH ZRUOG WR EXLOG FROOHFWLRQV WR UHVHPEO
*LDQDVVR 5LVGRQQH HW DO

SODVWHU FDVW DQG PRXOGV VHOOLQJ KDYH EHHQ GRFXPH
FRXQWULHV VR PXFK VR WKDW ZH DUH QRW VXUH KRZ IDU W

JUHGHULNVHQ ODUFKDQG 7KH 9 $ KDYH WUDGHG
OXVHXPV LQ WKH 8. DQG LQWHUQDWLRQDOO\ SXUFKDVHG F
FROOHFWRUV %DNHU *UDHSOHU 5XSSHO
)RU WKHVH UHDVRQV SUHVHQWHG LQ WKH LQWURGXFWLRQ
GLVFXVVHG HOVHZKHUH 5LVGRQQH HW DO ZH DQWLF
SDSHU DQG ZLOO LQVSLUH IXUWKHU UHVHDUFK RQ WKH VXE
‘H KDYH PRGLILHG WKH WLWOH WKH DEVWUDFW DQG WKH N
DQG PDNH LW DSSHDOLQJ WR D EURDGHU LQWHUQDWLRQDO
,Q SDUWLFXODU WKH WLWOH LV FKDQJHG WR
$ PXOWL DQDO\WLFDO VWXG\ Rl KLVWRULFDO FRDWHG SOD\
QLQHWHHQWK FHQWXU\ 9 $ FDVW RI D WRPEVWRQH
7KH UHYLVHG $EVWUDFW VWDUWYV ZLWK WKLV VHQWHQFH
WR FKDUDFWHULVH KLVWRULFDO FRDWHG SODVWHU VXUIDF
WKLV VHQWHQFH 7KLV PXOWL DQDO\WLFDO DSSURDFK FDC
PDQXIDFWXULQJ FRPSRQHQW PDWHULDOV DQG FRQVHUYDW
REMHFWYV °
7KH NH\ZRUGV ZHUH DOVR UHYLVHG DV IROORZV
&RDWHG 30DVWHU &DVWYV
2UJDQLF &RDWLQJV
OXOWL DQDO\WLFDO H[DPLQDWLRQ
2SWLFDO OLFURVFRS\
6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0
YRXULHU WUDQVIRUP ,QIUDUHG 6SHFWURVFRS\ )7 ,5
: 5D\ 'LIIUDFWLRQ ;5'
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(QHUJ\ 'LVSHUVLYH ; UD\ 6SHFWURVFRS\ ('6

3\URO\VLV *DV &KURPDWRJUDSK\ ODVV 6SHFWURPHWU\ 3\ *
3O0HDVH ILQG EHORZ RXU GHWDLOHG UHVSRQVHV WR WKH U
PDQXVFULSW DQG )LIXUHV LQ OLQH ZLWK WKH UHYLHZHUYV -
.LQG UHJDUGYV

7TKH $XWKRUV

7HFKQLFDO &RPPHQWYV IURP WKH (GLWRULDO 2IILFH
)XQGLQJ DQG $FNQRZOHGJIJHPHQW

.LQGO\ LQFOXGH VHSDUDWH IXQGLQJ DQG DFNQRZOHGJH
GHFODUDWLRQ VHFWLRQ , QRWLFH WKDW \RX KDYH LQFOXC
$FNQRZOHGJHPHQWYV VHFWLRQ .LQGO\ FKDQJH WKH QDPH
30HDVH QRWH WKDW WKH )XQGLQJ VHFWLRQ LV GLIITHUHQ\
ZKHUH LQGLYLGXDOV ZKR FRQWULEXWHG WR WKH DUWLFO!
DFNQRZOHGJHG

:H KDYH GLYLGHG WKH WZR VHFWLRQV DFFRUGLQJ WR \RXU

S5HYLHZHU

7KH SXEOLFDWLRQ OXOWL DQDO\WLFDO H[DPLQDWLRQ RI W
WKH WRPEVWRQH RI WKH B3UHVE\WHU %UXQR LV DQ H[DPSO
FRQFHUQV WKH SODVWHU FDVWV 7KH DXWKRUV IRFXVHG R
YDULRXV WHFKQLTXHV VXFK DV ;5" )7,5 6(0 ('6 RU *& 06 7
LQIRUPDWLRQ IURP PDQ\ WHFKQLTXHV JLYHV FRPSOHWH LQ
, W VKRXOG EH QRWHG WKDW WKH DQDO\VHYV ZHUH FRQGXFW
UHVHDUFK VWDJHYVY FDQ VHUYH DV D PRGHO IRU WKLV W\SH
UHFRPPHQG WKLV PDQXVFULSW IRU SXEOLFDWLRQ

‘H WKDQN 5HYLHZHU IRU WKH UHYLHZ DQG WKH IHHGEDFN
VXFK D SRVLWLYH UHVSRQVH ‘H LQGHHG KRSH WKDW WKH |
EH LQVSLUDWLRQDO LQ IXWXUH VWXGLHVY RQ KLVWRULFDO

5HYLHZHU
7KH PXOWL DQDO\WLFDO DSSURDFK WR WKH H[DPLQDWLRQ
FRQVWUXFWHG 7KH DXWKRU-V UHVHDUFK DQG DQDO\VHV D
GLUHFW OLQN IURP WKH ZULWWHQ UHFRUG UHJDUGLQJ SOD
WHFKQLTXHV ZKLFK ZHUH XVHG WR FUHDWH WKHVH VSHFLIL
RWKHUV LQ KHULWDJH VWXGLHV RU ZLWK VLPLODU FROOHF
WKHLU RZQ FROOHFWLRQV )XUWKHUPRUH WKLV ZLOO KHO?
FRDWLQJV DQG ELQGHUYV

7KH DUWLFOH VKRXOG EH SXEOLVKHG ZLWK PLQRU UHYLVLF

‘H WKDQN 5HYLHZHU IRU UHYLHZLQJ RXU ZRUN :H KDYH P
WR WKH UHFRPPHQGDWLRQV DQG ZH KRSH ZH FOHDUHG DQ\
'H DOVR DSRORJLVH IRU WKH RYHUDOO SRRU TXDOLW\ RI W
LQ WKHLU RULJLQDO IRUPDW 7KHUH FRXOG KDYH EHHQ DQ
SURFHVVHV LQ WKH SGI FRQYHUVLRQ DQG ZH VKRXOG KDYH
LQFUHDVHG WKH UHVROXWLRQ E\ [ [ VR WKDW WKH SXEOL
VWDQGDUGV Rl WKH MRXUQDO

‘H DOVR ZDQW WR KLJKOLJKW WKDW LQVWHDG RI SURYLGLQG
WKLV SDSHU ZH FLWHG RXU IXO0O GDWDVHW RI ILQGLQJV WK
UHSRVLWRU\ )LJVKDUH 7KH GDWDVHW LV WKHUHIRUH IX0O\
5LVGRQQH 9DOHQWLQD 7KHRGRUDNRSRXORV &KDULV
FDVW RI WKH WRPEVWRQH RI WKH 3UHVE\WHU %UXQR 5(352
8QLYHUVLW\ 'DWDVHW KWWSV GRL RUJ UG QRUWKX
7KH GDWDVHW KDG EHHQ UHIHUHQFHG DW WKH HQG RI WKH
LQ VHFWLRQ «$YDLODELOLW\ RI GDWD DQG PDWHULDOV- D
«'DWDVHW Rl DQDO\VLV- DV WKH ODVW VHFWLRQ RI WKH H|
GLVEXVVLQJ RXU ILQGLQJV

3DJH /LQH RI WKH 06 :RUG ILOH PDQXVFULSW
«'DWDVHW RI DQDO\VLV

$ FRPSUHKHQVLYH GDWDVHW IRU WKH DQDO\VLV RI WKLV RI
8QLYHUVLW\-V )LIVKDUH UHSRVLWRU\ > @ $ IXOO GDWDED
DQG ZLWK SORWYV DQG ILIJXUHV ZDV FRPSLOHG 7KH GHVFUL
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WKH VDPSOLQJ VLWH ORFDWLRQ FDQ DOVR EH IRXQG LQ WK
7KH GDWDVHW WKHUHIRUH LV IXOO\ DFFHVVLEOH DQG LV \

YXUWKHU UHVSRQVHYVY WR 5HYLHZHU FRPPHQWYV

3DJH ([SHULPHQWDO , ZRXOG VXJJHVW WDEOH DQG W
VXSSOHPHQWDU\ GDWD UDWKHU WKDQ LQ WKH PDQXVFULSW
DGGLWLRQDO LQIRUPDWLRQ

$V VXJIJHVWHG DQG JLYHQ WKDW WKH VXSSOHPHQWDU\ GDW

WKH GDWDVHW KWWSV GRL RUJ UG QRUWKXPEULD
VLWHYV DQG WKH *& 06 GDWD ZH KDYH GHFLGHG WR UHPRYF
3DJH OLQH , WKLQN LW LV D W\SR :KDW LV WKH UDQJH

$SRORJLHV IRU WKH RYHUVLJKW :H KDYH DGGHG WKLV WR
RI WKH :RUG PDQXVFULSW
«7KH )7 ,5 VSHFWURPHWHU UDQJH LV FP LQ WKH $75
LQ WKH '5 PRGH =
3DJH OLQH SRVVLEOH W\SR RLO V VKRXOG EH RLOV"
,QGHHG WKDW ZDV D W\SR DQG ZH HGLWHG LW
3DJH OLQH $UH WKHUH DQ\ ('; GDWD WR VXSSRUW W
7KH )7 ,5 DQDO\VLV Rl WKH FURVV VHFWLRQV DUH DOO VXS
SRVVLEOH IRU WKH GXVW VDPSOH 7KH 6(0 ('6 HTXLSPHQW I
PDWHULDO GXH WR WKH YDFXXP FRQGLWLRQV UHTXLUHG L
JLYHQ D EURDG LQWHUSUHWDWLRQ RI WKH GXVW FRPSRQH(
GDWDEDVHVY DV ZHOO DV SUHYLRXV VWXGLHV RQ GXVW GH
RI WKLV VWXG\ ZDV QRW WKH LQWHUSUHWDWLRQ RI WKH G
XQGHUWDNHQ $V WKH LVVXH RI GXVW LV UHDOO\ LPSRUWD
IXUWKHU VWXGLHV ZLOO IROORZ RQ WKLV WRSLF
3DJH ,Q WKH "SODVWHU EXON®° SDUDJUDSK WKH DXWKRU
SUHVHQWHG LQ WKH SDSHU RU DV VXSSOHPHQWDU\ GDWD
DQDO\VLV ZKLFK DUH DOVR VXPPDULVHG LQ WDEOH ,W ZI
)7,5 GDWD LQ VRPH IRUP DV WKH\ UHSUHVHQW D VXEVWDQW
VXSSRUW WKHLU DQDO\VLV 7KH ODFN Rl WKRVH VSHFWUD ¥
UHVXOWV )RU LQVWDQFH LQ OLQH WKH\ LQGLFDWH WKH
YLEUDWLRQV FHQWUHG DW FP :HUH WKH FKDUDFWH
DQG FP LGHQWLILHG DV ZHOO"
$V VXJIJHVWHG E\ 5HYLHZHU ZH KDYH DGGHG WZR DGGLW
VSHFWUD DFTXLUHG DORQJVLGH WKH UHIHUHQFHV IRU J\S\
)XUWKHU LQIRUPDWLRQ VKRXOG EH VHHNHG LQ WKH GDWDV
DYDLODEOH KWWSV GRL RUJ UG QRUWKXPEULD
WKH RUJDQLF FRPSRXQGV ZDV EDVHG RQ *& 06 DQG WKH LQ
('6 DQG ;5' )7 ,5 LQWHUSUHWDWLRQ ZDV PDLQO\ FRPSOHPH
EURDGQHVV RI WKH SHDNV REWDLQHG LQ WKH '5 PRGH RI W
UHVXOWV VHFWLRQ IRU H[DPSOH LQ SDJH OLQH LQ WK
PDWHULDOV ZDV GHGXFWHG E\ WKH ('6 DQG *& 06 UHVXOWYV
VSHFWUD $OVR GXH WR WKH ODUJH QXPEHU RI GLIITHUHQW
FOD\V FDUERQDWHV VXOIDWHV DQG RUJDQLF PDWHULDOV
RWKHU DQG LW ZDV QRW SRVVLEOH WR LQWHUSUHW FRPSR'
ZH VNLPPHG WKH SRVVLEOH FRPSRQHQWYV EDVHG RQ KLVWR
DQG *& 06 UHVXOWV DQG FRQILUPHG ZLWK )7 ,5 .DROLQ LV
H[DPSOH DV LW ZRXOG PDWFK ZHOO WKH ('6 DQG )7 ,5 FRQ"
FRQWULEXWLRQ DW DSSUR] DQG FP LV SODXVLEOH
VHHQ DV FORVH WR WKH SODVWHU DQG FDUERQDWHY FRQW
RI WKH '5 )7 ,5 LQ WKLV FDVH ZDV GXH WR WKH VPDOO VL]
PXVHXP REMHFWV ZKLFK ZHUH WKHUHIRUH FDVW LQ UHVL
WHFKQLTXHV

3DJH OLQH 7KH DXWKRU VXJIJHVWY WKDW WKH $0O Gt
VDPSOH SUHSDUDWLRQ 'R WKH\ REVHUYH FRPSDUDEOH FRX
DQDO\VHG"

7R VRPH H[WHQW LQ WKH DYHUDJH (‘6 VSHFWUD FDOFXODW
DOWKRXJK YDULDWLRQV DUH REVHUYHG GXH WR WKH GLIIH
DEVRUSWLRQ RI WKH FDVWLQJ UHVLQ IURP WKH EXON 7KH
FDQ EH VHHQ LQ WKH VDPH UHJLRQV ZKHUH SRUHV ZHUH RE
LPDJHV SOHDVH UHIHU WR WKH IXOO UDQJH RI ('6 PDSSLQJ
KWWSV GRL RUJ UG QRUWKXPEULD 7TKHUHIRL
WKDW WKH $0 EDVHG SROLVKLQJ VROXWLRQ ZDV WUDSSHG
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LQGLFDWHG LQ SDJH OLQH :RUG ILOH LQ WKH UHYLHZI
SUHVHQFH RI $O0 RYHUODSV ZLWK 6L DQG . RU 0J LQ WKH ('€
FOHDUO\ VKDSHG PLQHUDO LQFOXVLRQV LQ WKH %6( LPDJH
'RUG ILOH LQ WKH UHYLHZHG PDQXVFULSW ,Q WKLV FDVH
FOD\ PLQHUDO DV LQGLFDWHG LQ SDJH OLQH ‘RUG IL!
3DJH $ TXHVWLRQ IRU WKH DXWKRUV LI LW LV SRVVLEOH
LQWR WKH VXUIDFH Rl WKH SODVWHU WKURXJK WKH FDVWL
SLHFH PRXOG"

7KH \HOORZLVK JUH\LVK DSSHDUDQFH RI WKH FDVW LQGLFD
%\ ORRNLQJ DW WKH FURVV VHFWLRQV WKH SHQHWUDWLRQ
YLVLEOH DV DQ HYHQ LQWHUIDFH OD\HU 7KLV LV UHIOHFW#
«5HVXOWV DQG GLVFXVVLRQ- VHFWLRQ DQG FDQ EH VHHQ L
WKDW D FRDWLQJ DSSOLHG WR VHDO WKH PRXOG RQFH GU!
E\ WKH OLTXLG SRXUHG SODVWHU 7KLV ZRXOG KDYH EHHQ
PRXOG ZDV ZHW DSSOLHG LPPHGLDWHO\ EHIRUH WKH SRXU
VHSDUDWLQJ DJHQW , GLG QRW IRXQG PHQWLRQ RI WKH X
DJHQW LQ WKH OLWHUDWXUH 5LVGRQQH HW DO
5HIJDUGOHVV ZH DGGHG WKH IROORZLQJ VHQWHQFH WR LQ
S5HYLHZHU 3DJH /JLQH RI WKH :RUG PDQXVFULSW

«,W LV DOVR SRVVLEOH WKDW WKH RUJDQLF PDWHULDO GH!
WKH VWXGLR Rl WKH SODVWHUHU RU LW PLJKW KDYH HYHQ
WKH FDVWLQJ SURFHVV -

3DJH OLQH WKH DXWKRUV GHVFULEH WKH SUHVHQFF
WKH VDPSOH SUHSDUDWLRQ" 6KRXOG WKLV UHIHU WR )LJXU
,QGHHG WKH SRO\HVWHU UHVLQ LV WKH FDVWLQJ UHVLQ D
3DJH /LQH DQG GLVFXVVHG DFURVV WKH UHVXOWYV VHI
WKH FDVWLQJ UHVLQ FDQ EH VHHQ LQ )LJXUH QRZ )LIXUHI
UHIHUHQFH LQ SDJH DV UHFRPPHQGHG E\ 5HYLHZHU

3DJH OLQH $UH WKH DXWKRUV UHIHUULQJ WR OD\HU
KLIKOLJKWHG LQ )LJXUH

$V GHVFULEHG LQ WKH H[SHULPHQWDO DQG WKURXJKRXW W
WKH OD\HUV IRU HDFK VDPSOH DUH GHVFULEHG LQ 7DEOH
PDQXVFULSW EXW PRYHG WR EH XVHG DV D UHIHUHQFH LQ
5HYLHZHU W ZDV QRW SRVVLEOH WR JUDSKLFDOO\ VKR:

WKH SDSHU EXW WKH IXOO GHVFULSWLRQ DQG JUDSKLF GL
GDWDVHW KWWSV GRL RUJ UG QRUWKXPEULD

UHIHUHQFH WR 7DEOH HDFK WLPH OD\HUV DUH PHQWLRQH
Rl WKH :RUG PDQXVFULSW

3DJH 7KH DXWKRUV DUH GHVFULELQJ WKH )7,5 VSHFWUXF

WKH VSHFWUXP PDNHV LW GLIILFXOW WR HYDOXDWH WKH U

FRXOG EH XVHG LQVWHDG"

‘H KDYH LPSURYHG WKH TXDOLW\ RI WKH VSHFEWUXP LQ )LJX

,5 VSHFWUD IRU WKLV VWXG\ DUH VKRZQ LQ WKH GDWDVHW

KWWSV GRL RUJ UG QRUWKXPEULD
7KH DXWKRUV VKRXOG DOVR FRQVLGHU LQFOXGLQJ WKH FK
DQDO\WVLV RI WKH &RDWLQJ SDJH DV ILIXUHV RU VXSS

FKURPDWRJUDPVY UHODWHG WR WKH UHVXOWYVY RI DQDO\VL
UHVXOWY VHFWLRQ FDQ EH IRXQG LQ WKH GDWDVHW
KWWSV GRL RUJ UG QRUWKXPEULD
$OVR ZH DGGHG WKH IROORZLQJ VHQWHQFH WR FODULI\ W
«7KH I XOO UHFRUG RI *& 06 UHVXOWYV LV SURYLGHG LQ WKH
3DJH /ILQH RI WKH :RUG PDQXVFULSW
3DJH OLQH ,V WKLV )LIXUH " 7KH DXWKRUV LGHQWLI\
GLPHWK\O SKWKDODWH RQO\ ,Q ZKLFK TXDQWLW\ LV LW IR
WKDW FRXOG FRQILUP WKH LGHQWLILFDWLRQ" 7KH FKURPD\
7KH FKURPDWRJUDP DQG WKH SHDNV DUHDV LQWHJUDWLRQ
KWWSV GRL RUJ UG QRUWKXPEULD ‘H VXJJIHV
UHODWLYH DEXQGDQFH RI WKH GLPHWK\O SKWKDODWH D\
WKH RWKHU PDUNHUV VKRXOG QRW EH FRQVLGHUHG GLDJQ
H[DPSOH GLVFXVVHG IRU WKH $ 3 DQG 3 6 UDWLRV LQ 3DJH
PDOQXVFULSW DV GXH WR WKH VPDOO TXDQWLW\ RI WKH RU
LQRUJDQLF SRUWLRQ ORUHRYHU WKH UHODWLYH DEXQGDC
GHJUDGHG VDPSOHV DV LQ PRVW RI WKH FXOWXUDO KHULMW
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'LPHWK\O SKWKDODWH LQGLFDWHY WKH SUHVHQFH RI DON\(
SODVWLFLVHUV VXFK DV GLRFW\O SKWKDODWH PD\ KDYH FFR
SUHVHQFH RI SRO\YLQ\O DGKHVLYHV DQG %(9%p DQG FHO
GRFXPHQWHG LQ WKH 9 $ &DVW &RXUWV IRU FRQVHUYDWLR
DUH QR UHFRUGV IRU WKH XVH RI SRO\YLQ\O DGKHVLYHV D¢
ORUHRYHU WKH SUHVHQFH RI GLPHWK\O SKWKDODWH ZDV F
IURP DUHDV RI UHSDLU VKRZLQJ UHSDLQWYV 7KHUHIRUH ZH
SODXVLEOH RSWLRQ ZKLFK LV WKH SUHVHQFH RI DON\GV
PDUNHU IRU DON\G UHVLQ LV DGYRFDWHG LQ &RORPELQL
+RULH 6LQJHU OF*XLJDQ ‘HL HW DO JRU FO
LQ 3DJH IURP OLQH RI WKH :RUG PDQXVFULSW
«3KWKDOLF FRPSRXQGV FDQ LQGLFDWH WKH SUHVHQFH RI [
FHQWXU\ PDWHULDOV ,Q DUW FRQVHUYDWLRQ WKH\ FDQ EF
SRO\YLQ\O DGKHVLYHV DQG %(9$p DQG FHOORO\Q > @ *l
GHWHFWHG LQ WKH VDPSOH VKRZLQJ DQ DGGLWLRQDO UHIL
FRQVHUYDWRUV KDYH FRQILUPHG WKDW SRO\YLQ\O DGKHVL
GRFXPHQWHG DV XVHG LQ WKH &DVW &RXUWV LW LV SRVW:
GXH WR WKH SUHVHQFH RI DON\G SDLQWV -
'XH WR WKH OLPLWHG VSDFH ZH KDYH GHFLGHG WR SULRUL
FRDWLQJ VKRZLQJ RQO\ DQ 20 PLFURJUDSK )LJXUH RI D
GLPHWK\O SKWKDODWH PDUNHU ZDV GHWHFWHG DQG WKH
EH VHHQ LQ WKH GDWDVHW KWWSV GRL RUJ UG QRL
J)LIXUHV VKRXOG EH JHQHUDOO\ LPSURYHG WR PDNH ODEHO
DQG ('; PDSV ZLWK D EHWWHU FRQWUDVW ,Q JLIXUH , Z
KLIKOLJKW WKH ;5' SHDNV UDWKHU WKDQ LQFOXGH 7DEOH
‘H KDYH LQFUHDVHG WKH UHVROXWLRQ RI WKH LPDJHV WR |
FRPSUHVVLRQ /DEHOOLQJ IRQW KDV DOVR EHHQ LQFUHDVH
SHDNV LQ WKLV LQVWDQFH GXH WR D ODUJH QXPEHU RI SHI
PDNH WKHP XQUHDGDEOH ZKHQ SULQWHG RQ DQ $ SDJH W
LQ WKH RULJLQDOO\ VXEPLWWHG PDQXVFULSW 7DEOH LQ
LPDJHVY DQG ODEHOOHG ;5" GLIIUDFWRJUDPV FDQ EH VHHQ |
,Q JLIXUH WKH DXWKRUV VKRXOG VKRZ D FORVH XS RI WK
GLIILFXOW WR UHDG 7KH\ FRXOG SHUKDSV LPSURYH YLVXD
MXVW WR WKH DUHD Rl LQWHUHVW IRU WKH DQDO\VLV DV V
! DUH QRW GLDJQRVWLF
‘H KDYH PRGLILHG )LJXUH E\ LQFOXGLQJ D FORVH XS RI W

5HIHUHQFHV IRU WKH UHSOLHV WR WKH UHYLHZHUV

%DNHU 0 7KH +LVWRU\ Rl WKH &DVW &RXUWV 9 $ 0D\

KWWS ZZZ YDP DF XN FRQWHQW DUWLFOHV W WKH FDVW F

&RORPELQL 0 3 ORGXJQR ) 2UJDQLF PDVV VSHFW

DUFKDHRORJ\ -RKQ :LOH\ 6RQV

'LVDOYR |/ 30DVWHU &DVW &ROOHFWLRQV IURP WKH

(ISRVLWLRQ LQ &RQWH[W ([DPLQLQJ &XOWXUDOO\ '"HWHUP|

(QYLURQPHQW DQG 7LPH ODWHULDO &XOWXUH 5HYLHZ

'XFH & %HUQD]]DQL / %UDPDQWL ( 6SHSL $ &RORPEI
$ON\G DUWLVWV- SDLQWYV 'R SLIPHQWYV DIIHFW WKH \

'6& VWXG\ RQ IDVW GU\LQJ RLO FRORXUV 3RO\PHU 'HJUDGD

JUHGHULNVHQ 5 ODUFKDQG ( 30DVWHU FDVWV PD
GLVSOD\LQJ IURP FODVVLFDO DQWLTXLW\ WR WKH SUHVHQV
*LDQDVVR ( BWXFFKL H JHVVL 6WRULH 'L &RVH &LW
I
I
*UDHSOHU 5XSSHO - ‘HLj ZLH *LSV" 'LH %HKDQG
YRQ *LSVDEJ%VVHQ :LVVHQVFKDIWOLFKH )DFKWDJXQJ $UFk
6DPPOXQJ '"HU *LSVDEJ%VVH * WWLQJHQ 2NWREHU
/HLGRUI
+RULH & 9 ODWHULDOV IRU FRQVHUYDWLRQ RUJDQL
FRDWLQJV 5RXWOHGJH
+XEEDUG & &RQVHUYDWLRQ RI WKH :HVWRQ &DVW &R
KWWSV ZZZ SPVD RUJ XN QHZV FRQVHUYDWLRQ RI W
YDPSD
,VHOOD ( %RQHOOL ' &HUHD 6 ODQFLQL ) 5XSSHQ 9

([SHULHQFHY DW WKH $FDGHP\ Rl )LQH $UWV RI %UHUI
RI ODVHU WHFKQRORJ\ RQ WKUHH FDVH VWXGLHV RI WKH Kl

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



(G /DVHUV LQ WKH &RQVHUYDWLRQ RI $UWZRUNV ;, 3URF
3UHVV KWWSV GRL RUJ

3D\QH ( O 7KH FRQVHUYDWLRQ RI SODVWHU FDVWV L
BWXGLHV LQ &RQVHUYDWLRQ !

5LVGRQQH 9 +XEEDUG & %RUJHV 9 + |/ 7KHRGRUDNR
DQG 7HFKQLTXHV IRU WKH &RDWLQJ RI 1ILQHWHHQWK &HQW.
+LVWRULFDO 6RXUFHV 6WXGLHV LQ &RQVHUYDWLRQ
KWWSV GRL RUJ

6LQJHU % OF*XLJDQ 5 7KH VLPXOWDQHRXV DQDO\
GLWHUSHQRLG UHVLQV IRXQG LQ FXOWXUDO REMHFWV $QQ
(QYLURQPHQWDO DQG &XOWXUDO +HULWDJH &KHPLVWU\
"HL 6 3LQWXV 9 6FKUHLQHU 0 $ FRPSDULVRQ VW
DUW ZRUNV E\ 3\ *& 06 DQG *& 06 WKH LQIOXHQFH RI DJLQJ
$SSOLHG 3\URO\VLV !

:ROEHUV 5 & IJLWWOH 0 7KH VXUIDFH UHYHDOH
SODVWHU VFXOSWXUHV ,Q 2EMHFWV 6SHFLDOW)\ *URXS 3RV

$GGLWLRQDO ,QIRUPDWLRQ

4XHVWLRQ

5HVSRQVH

$UH \RX VXEPLWWLQJ WR DRVKHPDWLF VHULHV RU

VSHFLDO LVVXH"
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35 Abstract

37 A multi-andytical study wasdesignedo characterisénistoricalcoated plaster surfaces. The method
39 was appliedto investigate thesurface coatngs of the nineteenthcentury plaster cast of the
41 tombstore of the Presbyter Brunthat belongsto the Victoria and laert Museumcollection At
43 first, selectedsamplesof the objet were examinedwith Visible Light Refledanceand Ultra-Violet
45 Huorescence Optical Microscopy (VLR and UWVI-OM respectively and Scanning Hectron
47 Microscoly (SEM)demonstrating a consisterstratigraply featuring abulk, aninterface and an
49 uppermostlayer. The latter layeappearedto consist of anaged coatingind dirt. Overpaintedand
repaired aras of the object generatedasples that had additional layers onop of the
aforementioned stratigraphyA layer that gemed to be an addtional surface varnishor a coating
that had notbeen absorbkd to the bulkhas beenobserved ina couple of sampte Hemental
chamacterizationwas carried outwith energy dispersivex-ray spectroscopy(EDS and futher
o8 anayses were performed with x-ray diffraction (XRD) and Fouriertransform infrared (FFIR

60 spedroscopywith focal plane array (FPA)Jmagng which confirmed thathe bulk of the object is
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made of gypsum plastercontainng mostly silicate and carbonate inclusons Gas
chromatogaphy massspectrometry (GO MS) and pyrolys-GCMSwith extraction methods based
on n-propanol followed by pentafluoropropionic anhydride (PFP#@)ramethylammonium
hydroxide (TMAH)and 3-trifluoromethylphenyltrimethylanmmonium hydroxid (m-TFPTKH) were
performed to detect organicmedia The results suggestthat the organic medim used for the
surfacecoatingis aditerpenicresinthat contaired silicon aluminiumandtraces of othelinorganic
elements Theorganicmedium of werpaintedareaswas basd on alkyd rass and thein-paints
were characterised asldend ofsiliconand barium at varied concentrations'his muti-analyical
approad can generate a better understandingof manufacturing component materials and

conservatiornissuesf coated plastepbjects

Keywords

CoatedPhlsterCasts

Organic Coatings

Multi-anal/tical examination

Optical Microscopy

SanningHectronMicroscoyly (SEV)
Fouriertransforminfrared Spetroscopy EFIR

X-Ray Diffraction (XRD)

EnergyDispersivexray Spectroscoy (DS
Pyrolyss-GasChromatogaphy MassSpectrometry(Py-GOMS)

Introduction

This wak represents a pilot case studydesgned to estabish a wider campign of sampling and
scientificanalygs of the aurface layers of theasts produced in thaineteerth century, in the
framework ofa collaboraive doctoral partnerstip of NorthumbriaUniversity with he V&AMuseum
(AH/RO03RX2X/1) [1]. Part of the project focused on thecharacterisation and the ageing
characteristicof the original coating®f historical plastecads [2]. In the nineteerth century, the
plaser castreplicasof famousartworkswere used extensivelyn schools and musews3] t[5]. The
aim wasto educate and inspirthosewho studiedor appreciged art. Theywere alsofashionable
amongthe more affluent peoplewho decorated their homewith plaster ornamentand copiesf

wellknownsculptureq6] t[9].
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The object of this teidy is anineteenthcertury plaster casof the Tomistone of Presbier Brung
part of the Mctoriaand Albetr Museum(V&A) collection (museumaccession numbeREPRO.187
380, Figurel) and displayedin the Cast CourtsGallery 48\). The Zopy of the Toimstone of
Presbyte Bruno[is a plasterreplicaof an originaltombstone from the Cathedral of Hildesheim
(Germany,)by FriedrichHeinich Ncolaus Kisthardtthe elder (Gottingen 1830 t Hildesheim1900)
[10], [11]

The orginal tombstonels dated 1194 andsistill located in HildesheimCathedral In 1873, the
Museum acquiredseveralplaser casts of ke sculptural decorations Hildeeim Cathedral all
produced byKisthadt, amongthem, the tombstone, purchaseddiredly from Kisthardt in1873 for

£6.

Kishard § plaster copy of the tomb sla@185 cm high by77.0cm wide, is currently displayed
between a mix of casts of different origes well ag variety of edy Chrstian monuments and
other reproductiondrom Hibdesheim Cathkdral. Thecast is mountd ona wooden display frame,
and on its reverseis andgher Gernan reproduction degiting an upperdft portion of a wooden
doorway from the Church of St Maria irmpi€ol, in Cdogne (the original was carved c. 1065 by an
unknown carverj12).

Neither castappears inany ofthe early photographs of th&&A galleries. Yelater pictures of
Kisthardf «caston its own held in the V&A cutarial department, reveal that it was formerly
mounted upright on a diffent backing, with metabrackets supporting itbase (Figure2). The
brackets were later removeathich explains the current losses to the plasteder the elief. The
photographs also reveal a seriesexfposed mtal screws at th front to attach the plater to its
wooden or méal sypporting frame(Figure2). Many of the casts in the collection have been fived
their supports with isnilar metal screws. O#n the screwheads have been filled and retouchied
conceal them, whch B the case withKisthard [ spiece. The positions of fixings are easy to
recognise, as the filler is often slightly proud and, in n@stances, split arounthe edges. Ths is
due to the corroding metal or shrinkage of the fill&l, the overpaintis dten of a slightly
different alour, either because of amng, or the retouching was aimed to be noticed, in case the
objects needed deinatling.

A close exmination shows that the castis made of three sections, which sit directly top of one

another, with pieces of wood wedged between them. Interestingly, the original sandstone slab,

1 The Mweum ros. can ke usedto find the oljects inthe V&A Webde - Search the Collections (2020)
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which ismounted on the south wall of the choir at Hildesheim cathedsatared from a single
block of stone, although it has additional stonedsons added at the topand on its base, which
have not been replicated in the V&A copy. Atsocomparingarchivalimages of the original ska
some of the losses to the origirsibne sirfacedo not show on theast as can bebsewved It may
be thatsomeof the surface details on the original stone were lost after the casswnade, bsome
of the details on the cast were later reworked.

The top section of the cast has varioesticd and horizontal lines under the arch surrading the

Z (E ]+ S[TRelines have ben samed down, suggesting the cast could have been maahg)a

piece moud technique. Piecenoulds tend to leave raised seamlines on casts and, they were often

disguisel by sanding them dowrj2].

The outeredges of thecast have ben covered with painteglywood sheeting, to concedheir
unevenness (Figure3). Interestingly, the edges of the original sine slabare finey finished. Many
casts in the V&A collection were not mean be viewed all around. Theare often unfinisheat
their sides andhe top and were latercovered with either fabc, card,wood, or metal to disguise
the exposed areaand to protect them from dust.

A close examination of the undersidaveals that there is a small section of mlevisible at the
back of the cast, on the left sidi could bewhat remains of theld bracket &er it was cut back,
or it coud be part of darger meal support. Metal and wooden supports are commonly foand
the back9f the plaster castsUsing ametal detector|t wasrevealedthat the top and midle parts
of the cast have less metal backing support than the lowergbaine cast.

<%«35Z7 (Eadst[has been restoreoh severaloccasions since it came to the musesome 148
years ago Unfotunately, there areno records of any of the previougstorations, but aclose
examinaton reveals that numerous localisedeas on ke urface have been repred with a filler
and touched up using different paints and coloaftrslifferent times.It wasfairly commonbefore
the 1970s, for the regorers, not to document their reatments. Howevermany casts in the
collection have namesnd dates pencilled on dcreet areas on the objést surface.This
information helpsto pin down when objects were restored and by whd@asts alsomight have
traces of old material®n their surfaces residue of soap or residue of casting matersalsh &
gelatine, or items attheir bacls including packages of soamigmens, cloths, sponges, tools,
newspapers, letters, fabpackagig etc.Unfortunately due to the framing of theast, it is dfficult

to observethe back } ( <°¢8§Z €& .S[¢ S
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Although thee are no signatures ordates }v <°¢35Z (E 3/jgible agthe front, aparfrom
museum numbers near the base and at the topj <°+ § Z <Eompanyabel ca be bund on the
top right ormerov 3Z o0}A E + 3]}vX /8§ E +W Z ]Jdezh luE v &4 k%37 &
lettering (Figure3).

There ae also many tdemarks and possibly fingerpts where the plaster surface has been
worked on. Severalaised aras,particularly on the lower sectia) are also covered in pencilirks.
These were probdp left by various artis and students who sketcldeand drew the oject in the
galleries ever sce they were builtSmilar pencil mark onthe plaster sufaceshave keen observed
by the authorsn art « Z}} aellections, as foexanple the onen the Hatton Galleryin Newcastle
upon Tyme.

Research on plaster casbtbjectsoften remains unpublished at largethin the records of collection
holding oganisdionsand ndividud case stidiesfail to represent thebreadth and completyi of the
materials thattan be found ithe eclectic castollectionsdue to case speatiity [13] t[16], whereas
often useful insight on the properties of materiasn be found intadies on buiding decoratie
materials[17], such as plasterworkg18] and mortars[19]. Megenset al. [20], on the other hand,
havedemonstratedthat systematicelementalanalysisis required to uncovetthe provenanceand
composition of plaster used to replicate art and decorative objects traces analsis size and
distribution of porosiy and mireral shapeand growthcan becharacteristiof a paticular group of
artefacts.Gypsum plastefcalcium sulfate, Ca%0.5+,0) hasconsistetly been foundasthe main
component of the kulk o the nineeenth-century plaster csts[2]. However, oganc (such asesins
and g@ims)andinorganiccompoundgsud asclay, sand, lime), aswell aslargerstructuralelements
(such asfabrics woaden or metal batons or een boneswere combired andadded duing the
plaster production,as used to impove mechaital properties, such ashardness and water
resistanceor to control sdting time and the casting mcedure[2], [20] The complexity of the
organic and inorganiglended ompositionsin the plaser artefactssuggests that a multi-analytical
approach would be more appr@riate. For example Field emission guntscanning electron
microscoly (FEGSEM), XRD arartice inducel X-ray emission(PIXEgallowved the examination of
Renassance stuco related materias, which indicatedhat the canposition ofthe mineral phass
influencesits sustainability and sensitivity to moisture somptpoceses[21].

The full chamacterizaton of the materials of the caswill also provide fundanental informaion for
the deterioration processes and guidenservationdecisioms. Typical damagebservedis relaed

to environmental conditions or unsuitable piection ard handling. Plaster objects maybecame
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heavly soiled and coveredith dirt ard dust layersExposureto high relative humiditievels causs
the migration ofdeposite |vS8} SZ %0 ¢S (E[* exDUEd pltematitgswellidg/shrinking
cyclesin time and the fragilty of plaster mataals object often lose their tere, clackor break
into fragments [22)].

This stud/ aimsto characterisethe materiak usedto produce the surfaceyeas ofthe plaster cats,
either to providethe plaste with certain propertiesand toacheve the desred appearanceWhile
VLR and UVi-OM allowed the identification of the stratigraphfsEMEDS5 and XRDwere usedto
monitor the inorganic compositionand FI-IR and (py)-GC/MS tochaaderise the organic
components.Trace aalyss to investgate theprovenanceof the object were not carriedin this
study,beingbeyond the scoperhestudy d the obect served asa pilot study for the determination
of an andyticd strategy for the examination ofthe surfaces of plaster stg that will evertually
allow a better unetrstanding of te workshops|[ r#eticesin place in thenineteenth century and
define more speifically targeted comsvation methods Archivalinformation wasavalable in the
Ragistry of Reprodictions of the V&AMuseum (1873)in the museum Collection Mamg@ment
System(CMS) andhe V&A archive currentlyat Blythe Hoise London

Exgerimental

Sanpling

A total of hirteen samples fromselected aras were taken ac®ording © British Standard BS EN
16085:2012 (ISBN 9718580 70588 5)Beforethe sampliry, a careful surveywas performedto
preventanyriskandto minimizethe quantity of samplecolleced, which waseverlargerthan 1.0
mm across and maintain the integrity of theobject. Thesampling proced@was fuly documented
[23]. Thesampling a@aswere determined bymanyfadors, such as accs#ility and significance
but alsoawiding faeground areasThe samplesvere taken from area®f pre-exiging los and
undercuts or marginal areasThe umost attertion wasgiven to ensure that the samps were
collected limiting any contaminatioBefore being storeth the vials, the samples wenumbered
with the museum accessionnumber and the progresse samping number, which is used
throughout the study b identify the samms as follows: MUSEUM GCESSION @BU
NUMBERPRROGR®SIVE SAMPLE NUMBER.

TechnicaPhoography

Regular visible photgraphs were takenwith a Panasnic DCMFZ38 amera under the gall EC [ *

normal illuminaion (i.e. diffuse lighting, skyht window natural light and mixed artifiail
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illumination).Colour and dimension referensewere ensural through the PastHorizons®Credt
Card Photogmehy ScaleThe images wergrocessedwith Adobe Photostop® CQ9 and white-
balanced through the Pastaddzons® Credit Cait Phdography Scale The objects were alo
rendered in Autodesk® AutoCAZBRY for mappig purposes (Figue 4).

Steeeomiaoscopy

A StereoZoom® LEICA S@&Peomicosmpe was used to olerve thesamples, to unerstand the
shge of the sanples the positionof the layerin the stratgraphy ando define the processing of
the sanple. The Leica S6D Stereomicropechas a 10x eyepte and he objective magnificain
rangefrom 0.63x t04.00x.When posdile, sample were split into two parts: one fragment was
embedded in wlyegder resinto allow the observation of the stratigraghandthe analysis of the
layersand the other was pugsice fordestructiveanalyes

Sanples fo cross-sectioral analysis

Thesamples were mbedded in AlecTiranti™ Ltd clear castingesin, which rejuired 48 hours to
cureand harden AlecTiranti™ Ltd clear castingesinconssts ofstyrene and methyl mehacrylate/
polyesterresin (Poduct Code: 405-210) andliquid hardener (BUTANOX M0 methyl ethyl ketone
peroxide, sdution in dimetlyl phthalate- ProductCale: 405-810)in the proportion 4 mL : drop.
Visiblelight Refledance (VLRandUltravioletHuorescence (UVE)pticalMicroscopy (OM)

Optical mcroscopy was pérmed with anOlynpus BX51Metallurgical Meroscope equipped with
four objectives (magnificatin of 6, x20, x50 and x100), and ¥0 eyepiece50 .Lof white spirit
were added on the surfacef the crosssection to inprove the saturaion underthe microscope.
The microscope igquipped with a 6cube filter turret which allows operaing the systemin
reflectedvisible ligpt (brightfield and darkfidlmode) and reflecté WV light (365 nm) using 100 W
mercury burner.

X-Ray Diffraction (XHD)

The XRD anayses weae performed witha Rgaku $artLab SEequipped with a HyPix400, a
semconductor hybridpixel array deector anda Cu source. The analyses wegrerformed in Brag
Brertano geometry mode, whit 40 kV tube voltage an®0 mAtube current. The difractograms
were processed withlSmatlLab | software. The data was cmparedto the daa available in th
RUFP databag [24] and the CrystalbgraphyOpen Databas (CD) Databasg25].
ScanningHectronMicroscopg SBV) - Energy DispersiveRay SpectroscogifDg

The SEMEDS aalyses were perfomed with afield emissionTESBN MRA 3 wit ggartic chamber.
The EM is eqipped witha backscatter deector (BSEpnd badk-scatter inrbeam deector (In
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beam BSEJor the ED&nalytical part, it has an Oxford Instrum setup: Software: AztecEnergy,
X-ray detecor XMax 150 mn?t and X-ray dete¢or X-Max Extreme, lowenergy detector for thin
films, hgh resoluion and low volage. The samples weanalysed by SEEDS Low Vacuuktode
(1015 Pa). EDS Mapping and data pesing were performed with Aztecd@rd softwae. A
fragment of sanple 2 was nounted on appropride support, adrered with silver pat and oated
with a laye of platinum (5 nm tlk). This sample preparatios iequired when high vacuum SEM

EDS (1.5x18 Pa) is performed. This mode allasighemmagnfication with abetter defintion.
Fourier-Trandorm Infrared SpectroscopyHFIR) with Foal PlaneArray FPA) imaging.

A PerkinBmer FrontierFFIR spectromeer (350cnt! at a best resolution of 0.4 crf) was used,
equipped with dJATR Bmond/ZnSeATRaccesry and conined with aSpectrum Spotlight 80

FTFIR microscope equipped with a 16xfiixel linear mercey cadmium telluride(MCT) array
detector standard wh InGaAs array option for optimised NIR imagipgctral images from sample
areas arepossble & pixel resaltions of 625, 25, or 50 .m. The Perkin Elmer ATR imaging
accessory caists of a germanium crystal for ATR imggThese run with Perkinnker Spectrum

iii *}(SA E v A]S3Z "% SEpu/D ' | *}(3A EMink ®regions wee<p ol
appliedto the raw dataaoquired in dffuse reflectanc€DR) The FIIRspectrometerrange is350-

4000 cmtinthe ATRmodeand 6564000 cmt in the DRmode

Gas Chromatography/Mass Spectrometry /f&) and pyrolysis Gas Chromatograply/Mass
Sectrometry(py t GCMS

The instrunent used for GC/MS is arhermo Focus Gas ©hratographer with DSQ Il siegl
guadrupole nass specThe columnisan Agilent DBSMS Ul column (ID: 0.25 miength: 30 m, df:
IXTA ...uU P]o Gid&a) CA, WiSAjitted with a Pyrola 2000 Platinufilament pyrolyser
(PyroLab, Swederilhe helium catrer gas flow rate was 1.5 ml/min with a split flow ofrddmin
and a split ratio of 27. Thetemperatue of the detector was set at280 T and the inlet injector
temperature to the GC was kept at 250 “Khe pyrolysis chamber was heatto 175 °C, and
pyrolysis was carried out at 600 °C for Sanples derivatization wasecessaryor GEMS[26] t
[30] and carriedwith n-propand followed by pentafluoropropionic nhydride (PFPA]31], to
derivatise protein componentof protenaceous paints and adhesiyaghile yieldng the propyl
esters of fatty acids derivkfrom lipids and diterpenoid acids derived from natuesinsand thus
allows the choice of a single method for the analgs$iartists mediavhich contain either al or
proteins or mixtures of both proteins and oils or evedns. 1 mg of pulverisedsamplewas

hydrolysel in iAai1 ...> }( ,C &gid4ldCKEntthe excess Oxygemas removedThe solution
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was heatedat 90°C for 3 dayand placed ina vacuum desiccator for 24 houis remove the acid.
Afteridi ...> }( %-@E:}d6etyl chloride (3:1) were adddbe solutionwas heatedat 110 °C for
45 mnutes then at 50°C for30 min Thereagent excessvas then removediia nitrogen The
E s] p Ae JeeloA v il ..andiiki9.. % CYE] [H@eE3IuDes v ifi
perfluoropropionic anhydride @PA)wvere addedbefore heatngat 110°C for 15 minutg81]. The

sample was then injected into the colurwith the aid of a micreyringeand the MS thermal

Programme (3)vasset as ftlows: Segl start 13.00 Scaneews MS, Heated zones lon Source 250

°C,Detector Gain 21-105 (Muliplier Voltage 1025 V). Ovelmitial temp 60 T hdd 2 minutes
Ramp 1 6.0 °C/min (rgte250 °C, hold 0 min. Ramp 2 25 °C/min, 300 °C, 20 min hold. Mid& s
pulverisedsample of the order of 0.5 mg wagher directly derivatised in anlmuot of 1 pl of 25
wt% in methanol tetramethylammonium hydroxidd@MAH)and placed on the Pt filamenor
methylated with 3-trifluoromethylphenyltrimethylammonim hydroxide(5 wt% in Methanol) @S
number 6825441-1, GoH14m=,NO mTFPTAH (commercially kmoas MehPrep 11) Methylationhas

been widely used for the an@le]e }( @E3]*Ss[ u ] AZ & 1% ]+ pe (po (JE 382z

oils and natuwal resins which contain diterpeid acids or triterpenoid acids such as moronic acid

from mastic[29], [31]t[33]. MethPrep Il methylation was achievedither (1) by addingto the
samplel-3 drops of MehPrep II, depeding on sarple sizeand heatingat 60T for24 hours or (2)
by adding30 ul of MehPrep lleach0.3 mg of sampland heating ab0°C for24 hours The MS
Thermal programme(l), (2) or (3)were %t for the analysisas describedhereater. Thermal

Programme (1)Seglstart 2.40Scan events MS, Heated zones lon Source 250 °CidDébain

1.21-1® (Multiplier Voltage 1@5 V). Oven: Initial temp 40 °C hold 4 minutes Ramp 1 10.0 °C/min

(rate), until 250 °C, hold5 min. Mode: splitlessThermalProgramme (2).Segl star2.40 Scan
events MS, Heated zones lon Source 25M%iector Ge 121-105 (Multifier \bltage 1025V).
Oven: Initial temp 40 °C hold 4 minutes Ramp 1 10.0 °C/n@), (860 °C, hold 45 mifhe
acquisition was carried out inTeotallon Counimode, whee all iongn the range 4@800 m/z were
monitored. The Xcaliburj 2.2 and Pyrdab j softwarewere used tocontrol theinstruments. The
former was then supported by thdibrary brower sugported NISTMS Version 2.0[34] which

facilitateddata processing

Dataset of analysis

A comprehensive datasdbr the analysi®f this objet wasdeposited inNorthumbria Universit§

Hgshare repasory [23]. A full database of results in a spreadsheet format and with plots and
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figures was compiled. The degtion of the samples and images of the sanpkite location can

also be found in the dataset

Resultsand discussion

The analyses ave chosento ensue the understading ofthe coating magrials, whib was the

scope of the research However, a sample ofincoherert dirt and dust was taken from the basé
the tombstone (sample Bnd a sample of pdter bulk was takefrom a deep cracksampé 2)to

confirm the expeced composition of the subsite. Sanples 3 to 2 were taken so to be
representdive of the stratigaphy of the object frm the surface to 05-1.0 mm towards the core of

the object.

Dust

Dug deposited on lhe tombstonewas sampled(Samplel) and analysedto have a letter
understandng of thecontaminants presentin Gallery 46Aand eventuallype able todiscriminae
which elements foundn the sufacecan beattributed to the environmental dust in the galleries.
Under the microscope, theampleseems b be nostly made of fibes of vaious coburs fed,
green, blueFigureb5). FFIR analysis highlighdethat the dust ismade mostly ofsulfates guch as
gypsumand other varietieswith the asymmetric bending modex SQ at 435,600 and 667 cm™,
the SQ symmetic and agmmetiic stretchingat about 1005 and 110%m? and the » H.0 of the
sulfates about1620 and 168@m™ [35], [36]} carbonatesguchascalcite)suggested by the peaks
at 875and 1425 cn? correspondingo out-of-plane bending and asymmital stretching vibration
peaks of QCtO[35], [37] respectivelysilicatesand othe metal oxids generated seeral pe&s in
the fingerprint aea [35], [38]t[41] and unidentifed organic materiéd) are suggested byhe peals
in the 1200-1300cn! area(v QN), the peaks at1360cnt (v QN aromatic amine) 1580 cnt? ( WNH
of aminel), 1714cnt (v G of esters)andthe CH vibrational mode at 2852 and 2917'dd®],
[43], possibly deriving fronthe fibres and other residues of humainteraction €kin oilsand as
such [39], [42],[44] (Figure5). Owerdl, the sufates and carbonates can lokeie to the building
works butthe fibres and organic contributioalerivefrom the visitor hnteractions.

Plaster Blk

The sstrate (layer 0 m samples 3 to 1,3s described iffablel) largely consistsof gypsum plaster
(calcium sulfate, G2-0.5H.0), confirmed by ED$pectra and mappingsee for @ample ample3
in Fgure 6). XRDanalysis orall the samples alsoonfirmedthat the mneral gypsum ishe main

component in the sampleas shown foexamplein the diffractogran of sample 3JFgure 6) and
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indicated bythe characteristic diffractionpeaksin Table 2 and consistent with the gypsum
referenes awailable in publisheddatabase [24], [25] FFIR spectraalso siowed the presence of
gypsum plaster withthe peals at abait 1005 and 1105 cnt! (SQ symmetricand agmmetric
stretching and1600and 1680 cm! (v» H:0 of the sulfaes), and ao the sulfate overtones cetred

on 2220 aen' areg due to the combinatim of bendng and vibration mdes of HK % 3t v &)
related to the presence of gypsui®b], [36], [45], [46]Aluminium (Alwasdetectedby EDSn all

the layers of all the samples alysedand, asin the sampls analysed asrosssecions, Al can be
alsodue to the use ofan Alumina sugension (Agar Scientific Miepmlish Alumina 0.3un B8226)

to obtain thefinal polish Alis likely present,together with potassium (Knd silicon ($ias part ¢
silicate inclusiongvisible in the EDS mappin@nd spectrg Figue 7), which constitute clayminerals
[47] and are reported to b@resentasa natural caotaminant ofmineralgypsum|2], [48] FFIR
specta suggest vibrations in the 94000 cm' region, characteristic of clay minerals-QSi
containing minerals, such aadlin o ~] K }[KQk [47] FFIR paks at 1449 and 177CnT?! (v
Q) and overtone cenerd & 2400cnT! suggest the presence of calcite (calcium carbonate, £§aCO
as suggested iother studes [26], [40], [43]t[45]. Minor variations of the position of the R
peaks related to the inorganbtomponents can bebserved foseveral reasos, one of which is @
local substution of elements such a$agnesium Nlg) and lead Pb in the gypsum and other
ulv & o -fure§3k]p[40], [44], [45], [47]Mgwas dsodetected in all the sampleby EDS and it

is possibly an exchangeable element of thefaseil variety MgS©O(more a less hydrated,
chalcanthite CuS&HO, keserite MgS®@H0, starkeyite MgS@IHO, hexahydrite MgS@HO0,
epsomte MgSQ@-7HO and merndianite Mg3x-11HO0O). Small quantities of sulfate varieties such as
barite (BaS@), celetite (SrS@), anglesite (PbSPand the Mg varieties mentioned al® canbe
naturally present in the gypsum quias orform after the rehydraon of the gypsum plasterthat
occus afterthe addition of water to the cained povdered gpsum plastef2], [47], [48] These
secondarymineral phasesare commorly found in minerals[47] and, for example, suggted by
trace studieson stuccoobjects[21]. This compositin of the plaser was onsistently fand inlayer

0 of samples 3 to 8 and 16 13 (Tablel). Sample 5 showsdditionalsmallinclusions oftitanium

(T) in the plaster bulland sample9 shows inclusions made of silicon (Si), aluminium (Al), iron (Fe)
strontium (Srthroughout thestratigaphy(Figue 7). EDS$nappirg and XRD analysis comid that
dewite inclusims of calcium carbonate are present in the bulk, the objetargely madeof
gypsum plaste(made from gypsujrather than lime paster (made fom alcite), whichis instead

often used br outdoorarchitecturaldetails[4], [6], andwasalso found in thenalysiof other casts
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[35]. Sample 2 was taken frothe inner plaster hlk (about 5cm from the surface), exposed on a
deep crack of the tombstwe, to understam whether the organiccoatingvisible orthe surbice was
also used as an additive the plaster miture, as suggesteds possibldy the hisorical literature
[2], [48]1[50]. No orgaric materials were etected insample 2oy FFIR Py-TMAHGC/MS analysis
indicaied the presenceof abietane skeleton diterpenoids due to thecurrence othe peaks at m/z
315, 299, 285, 253 and 23Bigure8 and Table3) [29], [51} 7-Oxodehydroabietic acidnethyl
ester at retention time RT, 25.47 min and methyl dehydroabietateat 2557 min in the
chromatogram The fragments at m/314 and 253suggest the presee of acompaind formed by
oxidaion of pine resin biomarkersas suggested in several case &sIfP9], [51] The peak at m/z
314 is related tdhe molecular ion othis degadation narker andthe fragnent & m/z 253 results
from the loss of a methygroup followed by tht of neutral formic acid[29]. The basepeak at m/z
239 isreported aschamacteristic of the fragmeiation ofdehydroabietic acifi2z9]. Thisacidis the
main degradation marker formed hifie aromatisationof abietadienic ads, which are themajor
constituents ofraw pine esirs. Fatty AcidgFA)were dso deteted at 17.50min (dimethyl azelaté,
2168 min (methyl palmitat¢ and 23.60 min (methyl stearat¢ (Table3), asconsistent withthe
relevantliterature [27], [29]. The ratios azlate/palmitate (A/P =0.7) andpalmiate/stearate P/S =
2.2) suggestethat the resinhasbeen mixed with moil, orthe FAare either from othersources of
lipids ornaturally present in the resij28], [29], [51] It was suggesteth othe studies [52], [53]
that the intensityof the FApeakscan changeasaffected by matrixffectsdue to the presence of
inorganic pigmentsThiswould dchange the P/S ratio arttiereforeinvaldate the correlatiorwhich
allows the determination of théype of lipid Dueto the lack of previous studes onthe dfects of
the predominarce d the norganic mrtion over the organiccomponenton the areas ofthe FA
peaksin the chromatogranfurther reserch on this topids required. Due tothe complexity of the
mixture, as often happen m the ca® of cultual heritage materiak, separation methods ra
required prior the nassanalyss sothat several comporés arrivein the ion source one at a time
[29]. For this reason, ther peaks that can be assignedio small fragmentsof amine and lipids
between4.18minand 16.99min in the chromatograms have ndieenconsidered dignostic in this
sample(Figure8). The full recad of GC/MS resulis piovidedin the datase{23]. The inconsstency
of the FFIR and pyTMAHGGCMS results insample2 maysuggestthat a \ery smalljuantity of resin
was added in the plastg®], [48] or that suchsmallamount Fad penetrated dep inthe plader

from the surfae. It is also pesible that tle organic material dered fom acci@ntal contamination
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in the studio of the plastereror it might haveeven been trangfrred from the mould during the
casting process.

An interfacelayer, that appearsyeliow urder vsible light reflectare and possiblyconsiss of a
portion ofthe lower layer eakedwith the surface coting(s), shavingcharacteristics of bbtlayers,
is visble in samfes 3 to6 and 8 tol3 (Figue 9). The abular crystallinestructure typical ofgypsum
plaster @an beseen in the substratlaye and tre interfacelaye in theBSEmage[21], [47], [54] In
samples 10rd 11 he casing resinhomogeneouly penetated the stratigraphyand n samples3,
4,5,6,8,12and layer 1 ape E-+ Z |[v$ ARyer O(Tablel), suggesting that thecoatng layer
had penetrated thelaster, fillingthe poresandimpeding the casting resotcupyngthe voidsand
possilly preservingthe mineral structureof the gypsumplaster (Figue 9). Thiswas visible in the
BSEimage aswell as through theEDSmapping €astingpolyeser resn and catalyst are mainly

made d organic compunds CH and O).The presence of theaging resn (polyeger resn) was

alsodetected n all the layerdy FFIR spetta (w Kphenolat about 1312 cmtandw , @E}u §]

at about 1760 enl, as ca be sea in the reference ifrgure 10).

Coding

Samples 3 to 5 and 8 to 13 show acoating layer, that appeas dark under visiblelight refectance
(layer 2in these samplesas describedin Tablel), and it likely corsiss of a pigmented organic
medum and drt. EDS mappingnd spectrashowthat this dark layerantainscalciumsulfate but
consists mostly oBiand Al (Figurell). Traces of otheelements can be seen atite conpostion
varies from sample to sanple (Tablel), suggeshg that the tace elemeats in the surface layers
derive from loth the plaster substratend the dirt deposied onto the suidice.The presence of the
polyester casting resin(Figure 10) and gypsum plaster(CaS®0.5H.,0, characterisc peaksas
described abve) wasdetected in all he layersby FHR induding the surfaceThe presene ofan
orgarnic mediumis indicated in allthe FFIR spedra and the position d the peakssuggest that is
likely a wax or resifCH bending and strething) howewer, the crowdé gppeaiance of the speata
and the broadnes®f the peaks impedehe unique a&sigment of such contributionsThe several
peals that can be icentified in thearea oer 3000 cnt! cannot be consideredniquelydiagrostic,
asOH and\H strethes occur in this régn and once again uke to the complexityof the mixture,
the water present inthe crystals andhe pores of the plaster, agell as n the orgaic comporents
will add p in this area.Cdcium oxalatemight bealsopresentin layer 2 but it was notpossble to
uniquely assigiits peaks as usuaji close to thevibrations characeristic of calcium sulfateasalso

suggested in othertgdies [46]. Py-TMAHGC/MSof samples 3, 4, 5, 8, Shows the markers
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characteristic of a diterpenic resin(similaty to sampé 2, Figure8), such a ras or pine resin,
possibly mixed with a no-drying oilor another source @ lipids, similarto what is suggestein
relevantliterature [27] {[29].

Py-TMAHGC/MS ofsamples 8 and 9showspeaksthat were assigned, as baken previous studies
[29], [55] to a betullin-like triterpene marker (at t= 30.0833.49min, Table3), suggestinghat, as
rarely are diterpene and triterpene moleaules are rarely found together in a plantresin, a birch,
dammar a masticis additionally presnt in the stratigraphyThefull fragmenttion patterns of the
markers charaetristic of dammaand mastic wer not cetected,but this can bedue to the natural
degradaion of the molecues or to the dervatization poceses appliedo the already degraded
organic materialassuggested n [29], [56], [57]The snall quantity of the organicmaterial, wlen
comparel to the inorganic portion,alo contrituted to the snall relative &undance othe di and
tri-terpene molecules in thechromatogram.The full recad of GC/MS results povidedin the
dataset[23].

The contribdions ofthe organic materiahs shown in the FT-IRspectraof all the layersndicaes
that either the material was addedtthe wet gypsumplaster wet mixture or tha the coating has
alo penetrated inthe buk. The later seemsalso possible as the averadepth of the samples is
about 0.5 mm.The characterizaion of unknown orgaic materials inaged samplehas been
recognised athe most clallengng gplication of GAVYIS techniquef?9]. Moreover, insample 8 an
additional layer (layer 3) fluoreses whiteunder UV illurmation, swggesting that theseaulld bean
additional layer or that iger 2has not been absorbeelenly, asseen in the othera&mples The

same waslao olserved in samigs1l, 12 andl3.

Areas of etouching

Sanple 4ischaracteised by the same stratignahy describedabovebut presens an addional layer
(layer 3), pur@ unde visible illuminatn (Figue 12). EDSmappgng suggested that thlayer is
mostly male ofiron (Fe),siicon (S) andtitanium (Ti) Py-TMAHGC/MSof this sample highlighted
that adrying ol modified alkyd pains themedium inthis layer, suggesting tat they wee applied
after the 1920s [30], [58], [59] Dimethyl phttalae was deteded at &= 1625 min in the
chromatogram {Table3) and was considered a marker faged alkyd paints mixtures, as it is
reportedto be forming in tlesepaints upon ageing30], [31] Phthalic compounds can indicate the
presence of a range of difert twentieth-century materials. In art conservation they can be found,
for exampé, in alkyd paints, polyvinyl adhesives and BEVA®371 and déjlymiven that the

phthalates were detected in the sample showing aditaxhal refill and retouching layer and that
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V&A conservators have confirmed thablyvinyl adhesives, BEVA®371 and gellate not
documented as used in the Cast Coljritsis postulatedthat the dimethyl phthalate is due to the
presence of alkyd paisitSamples 6 and 7 broadly present tie same statigraphy of the otbr
sampes however, the coatinglayer s made oK, FeS andAl and traces oNa, Pland Cin sanple
6 andFe and Bandtraces ofMg, K and Gh sample 7In sampés 8, 1112 and 13an additioal
surface lagr (layer 3 in these samples)fluoresces niky-white under UV illumination. No
differences can beeen inthe FTIR speata of these samples nothe GC/MS chromatograms,
suggesting that eithedayer 3 is an adtional layer of varish made bthe same naterial of the
mediumof layer 2 (diterpea resin or laye 3 is anunabsorbed pdion of the mediun of layer 2

visible o the surface.

Manufacturingas suggested by th&ratigaphy

In summary,the stratigraphy bthe samples is qué consisént, featuring a dibstrate[layer, an
iterface[ o r@ndacoating Za Elbjer, likely a ombination of agd coating and dist Ontop of
these, somesamples feature additional layersaving been overpated or having bee sampéd
from an aea of rep#@r. The bulkof the objectis madeof gypsum plaster, lich ontains seeral
types of inclusions(including silicas am carbonaés). Bylooking atthe reslts, it is possible to
hypothesise ttat in the suface layer, containg silicon and aluminium, but also traces ofother
elements the medium isa diterpenic resin Areas ofrepairsconsistof overpaints made of &ld

paint, suggesting tht they wereapplied after thel920s[30], [58], [59] and inpaints containing

silicon or barium. Areas showing aauditiona vamish layer might have locally highlighted or the

additional layer might be due to a loal diference in tle surfa@ absobanceor to an acadental
spillage (as fo examplen sample 12see Figure3). A summay ofthe resultscan ke seen inrablel

and has also been compileda @mprehensive dtaset[23].

Condusions

A multi-analytical approach allowed the cheacterizationof the surface coating of the object A
Zubstrate[layer made ofgypsum plaer U mtedface[ or@nd acoating Z Eldyer, likely a
combination of agd diterpenicresin coatingand dist were identified.Overpaint made of akyd

paint and areas of repdr were also highligied. Due to the immense vaaty of recipes for the

2 Personal communication withe V&A Conservaticieam (aruary 202}
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marufacturing ofthe nineteenthcentury plaster caststhe statigraphy of aplaster cas might
resut in acomplexcombination of organic media amdorganic featuresevenmore complexwhen
modern treatmens have been appliefor the care of the castAsa multi-analytcal approad in
studieson similar materials has been proven effective, the combnation of techniqus for the
characterization of inganic and organicomponentds fundanenta in plasterartefacts This study
demonstrated that the suggestednethodology for the characterisation of the coatingf higorical
plaster castscan provide information on nineteenth-century manufacturing.This case study
suggestk an aralyticalprotocol that combinesliversemethodsto characterise the manufactugrof
such artefats. The investigaton is omoing and additional elements are stilheededto have a
comprehensve understanding of the castmanufactue and hisbry, but the resultsdiscused and
summarise heredemonstratethat despite the manynalyticakchallenges of stdyingthe complex
composition of the cag, a thorough and comparatve study can urveil the seaets of this
nineteenh-century at. Further investgation is required to stdy the deterioration of those

compoundson thesub-moleculadevel
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Hgurescaptions

Figurel. Plaster cat of the tombstone of PresbyteBruno (V&A &cessin number: REPRO.187
380), ca. B73.© Victoria and Alberuseum, Ladon / as specified by thegfts lolder.

Figure2. An early photograph of the cast shows thaetal bracketsvere u®d to old it upright
(orange arrows). In tis early imagethe screws thatsecure it in position are still visib{gellow

arrows)

Figure3. The cast sti retains the stampof the workshop ofriedrch Kigthardt (A). A closer lok at
the obgct reveala@ the plywoodsheeting usedto conceal thecastf edgesuneveiness(B). An

accidentalspillage was highlighted under UNminaion from the area whereanple 12 was taken

©.

Figue 4. The autline of the Tanbstonedrawnin AutoCADwith marked samplng sites ¢ed), pencil

marks (pink)andthe areasshowingretouching (purple)andtool marks (blue)

Figure5. Samplel. Fbres of different coloware visble inthe micrographsaken with Sootlight
400 FFHIR mecrocope (A). ATRFFIR anaysis of the dst, baseline and KwelkaMunk correction
applied(B)

Fgure 6. EDSnappingand pectra (A) showed thatsample3 is made otalcium Cg, sulfur (§ and

oxygen Q) (caktium sulfate). @rbon (C) is preset as deected from different sources
(environment, casting polyester resn and organic media) XRD dfractogram @) shows the
characteistic paks ofgypsaim, as als@onfirmed by compar@ with theRUFF databag24] and

C@ Databasg5].

Figue 7. Clay mineralqAl-Si silicateg are preent in the stratigraphy b all the sampleseDS
mappingand spetra (A and Bof sample Showthe inclisions made of lAminium @Al)and Sicon
(9), but alo iron (F and strontium (Sr).In other samplesnagneium (Mg) titanium (T) and

potassium(K) arepresent in the silicatenclusions.
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Figure8. py-TMAHGC/MShromatogram ofsample 2n the full retention time range 0-40 min(A)
anda narrower iange 16-30 min(B). The peakup to 16.99min are due tosmalér lipid andamire
fragmerts which arenot diagrostic in this sanple. The identification of pine resiwas posibke
upon determination of the following markes: dimethyl azlate 1, methyl palmitate 2, methyl
stearate 3, 7-oxo-dehydroabietic acidnethyl ester 4 and methyl cehydoabetate 5. Themass

spedraof compoundst (O and5 (D) are alsoshown.

Figue 9. High vacuum SEMDS (1.5x10Pa)of sample2 alloweda higher magnificatiorBSE image
(© shows thetabular structure of the gypsum plaste SEMEDS.ow Vacum Mode (1015 Pa)of
the samples cast inesinallowed to acquie the BSEimage ofthe full stratigraphyln sample 12he
tabular structure canbe dbserved in layex 0 and land layer 1 apgars densein the BSE imag¢B)
and has a y&w tone under VLROM (A). In sample @ the BSE imageD)) shows that the casting

resinwasabsorbed eveny in the pores.

Fgure 10. FFIR pectra acquired in ATR mode (gypsum plastéerence) (A) and in DR of
polyester casting resireference(B)andfrom layer 2 of sample @range line in Cand sample 9

(blue linem Q.

Figurell Samplell: the surbce layerappeas dark under VLROM (A) and theinterface layeris
yellow under VLR M. No characteristic fluorescence was observed in thef QW (B).EDS
mappingshows that the surfacdayer s mostly madeof Si and AIFT-IR analysi§C) showsa broad

band that siggests the presee d gypsumgcasting resn and anorganic nedium.

Figue 12. Sample $VLR ™1 (A) andBSE irages B) and EDS mpping Thesamplewas akenfrom

an area obvermpaint. A= aluminium, Si= silicon, Titanium, Fe= iron.

Tables

Tablel. Summary of findigsin the « u %0 daydgs.

SAMPLE TYPE NOTES no. of LAYER LAYERS PLASTER INTERFAC  COATING OVERPAINT
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mixture of
organic and
inorganic
materid
plaster - - calcium sulfate, - - -
from the caldum
inner carbonate, clay
bulk minerals,Al, Mg,
Si,diterpenic
resn
Cross 3 2. Dark layer  calcium sulfate, Intermediate Mostly Si and Al; -
section 1. ¢llowish calcium of plaster Fe, Tand traces of
and carbonateclay and dark Na, Cland K,
undefined minerals, Mg, layer diterpenic resin
layer diterpenic resin
0. Paste bulk
Cross edge area 4 3. Purple calcium sulte, Intermedate  Mostly Si and Al, Fe, Siand Ti,
section of sampling layer calcium of plaster traces of K, Ba, Zn, tracesof K,
2. Darklayer carbonate, clay  and dark Cl and P,iterpenic  Ba, Zn, Cl and
1. Yellowish ~ minerals, Mg, layer resin P, drying oil
and diterpenic resin modified
undefined alkyd paint
layer
0. Plster bulk
cross 3 2. Dark layer  cacium sulfate, Intermediate  Mostly Siand Al, -
section 1. Yellowish  calcium of plaster traces of Mg, Ti,
and carlonate, clay  and dark Na,FeandK,
undefined minerals, Mg, Ti, laye diterpenic resin
layer diterpenic resin
0. Plastebulk
cross area of 3 2. Darlayer cdcium sulfate,  Intermediate Mostly K, Fe, Siant -
section repair 1. Yellowish calcium of plaster A, traces of Na, Pb
and carbonate, clay  and dark and Cl, organic
undefined minerals Mg,Ti, layer medium
layer traces of K and
0. Plaster bulk Fe, orgaic
medium
cross area of 2 1. Yellowish  calcium sulfate, - Mostly Fe and Ba, -
section repar and calcum traces of Mg, K and
undefired carbonate, clay Cl, organic medium
layer with minerals, organic
large orange  mediun
and black
particles
0. Paster bulk
cross fluorescent 4 3. Varnish caldum sulfate, Intermediate  Mostly Si ad Al, -
section varnish 2.Dark layer  calcium of plaster traces of K, Fe and
1. Yellowish carbonag, day anddark Na, dierpenic
and minerals, Mg, Cl, layer resin, possibly
undefined diterpenic resin, additional
layer possbly triterpenicresinor
0. Plaster bulk additional birch
triterpenic resin
or birch
cross 3 2. Dark layer  calcum sulfate, Intermediate  Mostly Si, AMg, -
section 1. Yellowish  calcium of plager Sr and Fe, traces o
and carbonate, clay  and dark K and Ti, diterpenic
undefined mineralsMg, Al, layer resn, possibly
layer Sr and Fe, additional
0. Plaster bulk diterpenicresin, triterpenic resin or
possibly birch
additional

triterpenic resin
or birch
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10 Cross 3 2. Dark layer calcium sulfate, Intermediate Mostly Siand Al,
sectian 1. Yellowsh calcium of plaster traces of K ath Cl,
and carbonateclay and dark organic medium
undefined minerals, Mg, layer
layer organic medium
0. Raster bulk
11 Cross 4 3. Varnish calcium sulfate, Intermediate Mostly Sand Al,
section 2. Dark layer  calcium of plaster traces ofFe and
1. Ydowish carborate, clay and dark Mg, organic
and minerals, Mg, layer medium
undefined organic meium
layer
0. Plaster bulk
12 Cross fluorescent 4 3. Varnsh calciumsulfae, Intermediate  Mostly Si and Al,
section varnish 2. Dark layer  calcium of plaster traces of P, @ind
1. Yellonsh carbonate, clay  and dark Fe, organic
and minerals, Mg layer medium
undefined
layer
0. Plaster bulk
13 cross fluorescent 4 3. Varnish cdcium sulfate,  Intermedate  Mostly Si and Al,
section varni$ 2. Dark layer  calcium of plaster traces of Fe, Mg,
1. Yellowish  carborate, clay and dak C| Tiand Na,
and minerals, Mg, layer diterpenicresin
undefined diterpenic resin
layer
0. Plaster bik

Table2. XRD peaksbseaved in thediffradograms of samples 2 and3 and foundin the RUFF

databasegypsunreferencesR06050%nd R040029

XRD peaksj} €£-«
Sample 2 Sample 3 R060509 R040029
116304 11.67299 11.6688 11.6553
20.6882 20.74514 20.7682 20.7582
23.3816 23.37026 28.1588 28.1498
26.8718
29.121 29.10739 29.1507 29.1396
31.0975 31.12382
32.09465
33.4643 33.34622
34.53655 34.6194
35.94149 35.9997
36.65667 36.0027 36.65
37.3434 37.4189 37.4124
40.5746 40.63457
43.4695 43.38031 42.2079
44.16252 44.2309
45.8294 4551888 45.5453 45.5268
46.495 46.4606
47.8711 47.85724 47.8955 47.8848
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56.6775
58.2058

67.0222
68.9538

71.46%

48.35782 48.4221 48.3983
48.72981

50.32856

50.73068

51.34237

54.41229 54.4676
55.14868 55.2183 55.191
55.81309 55.8618
56.7291

5819157 60.3599
64.75298

65.8196

66.7291 66.7077
68.66935

70.6590

71.22731

7411747

76.56741

77.3%89

79.61351

Table3. Most relevat py-TMAHGC/MS mass spectrum fragntation pe&s for the naterials

chaacterizationacross the samples

RT(min) m/z Assignment

16.25 55, 69 74, 83, 87, 111, 12800), 138, 171, 188 dimethyl phthalate

17.50 74(100) 87, 97, 111, 143, 152, 178, 185 dimethyl azelate

21.68 74(100) 87, 101 129,145, 185, 227, 270 methyl plmiate

23.60 74(100) 87, 129143, 199, 255, 298 methyl dearate

25.47 187, 207, 253(100313, 328 7-Oxodehydrohietic acid, methyl ester
2557 141, 155, 197, 239(100), 253, 314 methyl dehydroabietate

30.08 79(100) 121,138, 1®, 189, 205, 442 betullin
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