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:LOVRQ�³'XE´�&URRN�,,,¶V��������SDSHU�SUHVHQWHG�WR�WKH�
(DVW�7H[DV�$UFKHRORJLFDO�&RQIHUHQFH�FRQFHUQLQJ�WKH�
XVH�RI�;�UD\�)OXRUHVFHQFH��;5)��LQ�VRXUFLQJ�WXUTXRLVH�
DUWLIDFWV�VSDUNHG�DQ�LQWHUHVW�LQ�XWLOL]LQJ�S;5)�WR�UHVROYH�
DQ�ROG�&DGGR�FHUDPLF�UHVHDUFK�TXHVWLRQ��:KLOH�;5)�
KDV�EHHQ�XVHG�LQ�DUFKDHRORJ\�IRU�PRUH�WKDQ����\HDUV�
�6KDFNOH\����������DQG�WKHUH�KDYH�EHHQ�DSSOLFDWLRQV�LQ�
FHUDPLF�VWXGLHV��6KDFNOH\�������2ZQE\�������+XQW�
DQG�6SHDNPDQ�������)RUVWHU�HW�DO��������6SHDNPDQ�HW�
DO��������6KXJDU�DQG�0DVV��������D�UHFHQW�UHYLHZ�RI�
WKH��WK�(GLWLRQ�RI�7KH�$UFKDHRORJ\��%LRDUFKDHRORJ\��
(WKQRKLVWRU\��DQG�+LVWRU\�RI�WKH�&DGGR�,QGLDQ�3HRSOHV�
RI�$UNDQVDV��/RXLVLDQD��2NODKRPD��DQG�7H[DV��3HUWWXOD�
�������D�FRPSUHKHQVLYH�ELEOLRJUDSK\��GLG�QRW�\LHOG�D�
VLQJOH�UHIHUHQFH�WR�D�S;5)�VWXG\�LQ�&DGGR�FHUDPLFV��
7KLV�DUWLFOH�ZLOO�VXPPDUL]H������WKH�UHVHDUFK�TXHVWLRQ�
DULVLQJ�IURP�ZRUN�DW�WKH�0RUVH�0RXQG�6LWH����6<�����
����DQ�RYHUYLHZ�RI�KRZ�S;5)�ZRUNV��DQG�����WKH�GDWD�
DQDO\VLV�IURP�WKLV�SLORW�VWXG\�
� ,Q�-DQXDU\�DQG�)HEUXDU\�������DUFKDHRORJLVWV�
IURP�WKH�7H[DV�+LVWRULFDO�&RPPLVVLRQ�DQG�WKH�7H[DV�
$UFKHRORJLFDO�6WHZDUGVKLS�1HWZRUN�H[FDYDWHG�SRUWLRQV�
RI�WZR�&DGGR�HDUWKHQ�PRXQGV�DW�WKH�0RUVH�0RXQG�VLWH�
QHDU�&HQWHU��7H[DV��%UXVHWK�HW�DO��������0LGGOHEURRN�
�������7KH�ODUJHU�PRXQG��0RXQG�$��ZDV�D�ORZ�FRQLFDO�
PRXQG�VWDQGLQJ�����PHWHU��P��KLJK�DQG����P�LQ�
GLDPHWHU��%HQHDWK�WKLV�PRXQG�ZDV�WKH�SRVWKROH�RXWOLQH�
RI�D�����P�URXQG�KRXVH�FRQWDLQLQJ�D�FHQWUDO�����P�URXQG�
VKDIW�WRPE�RI�DQ�LPSRUWDQW�HOLWH�LQGLYLGXDO��(YLGHQFH�
VXJJHVWHG�WKDW�WKH�KRXVH�KDG�EHHQ�EXUQHG�DQG�SXVKHG�
LQWR�WKH�SLW�DIWHU�LQWHUPHQW�DQG�SDUWLDO�¿OOLQJ�RI�WKH�SLW��
7KH�EXLOGLQJ��SHUKDSV�WKH�UHVLGHQFH�RI�WKH�GHFHDVHG�
HOLWH��DQG�WKH�WRPE��ZHUH�FRPPHPRUDWHG�ZLWK�WKH�
FRQVWUXFWLRQ�RI�WKH�PRXQG��7KH�DFLGLF�VRLO�FKHPLVWU\�
DW�WKH�VLWH�OHG�WR�WKH�FRPSOHWH�GLVVROXWLRQ�RI�DOO�VNHOHWDO�
DQG�GHQWDO�UHPDLQV��,QWHUHVWLQJO\��PRVW�RI�WKH�SHULVKDEOH�
PDWHULDOV�SODFHG�LQ�WKH�JUDYH�VXFK�DV�ZRRGHQ�ER[HV��
EDVNHWV��PDWWLQJ��DUURZ�VKDIWV��DQG�FRUGDJH�ZHUH�

UHSODFHG�E\�D�GLVWLQFW�¿QH�JUD\�VLOW\�PDWHULDO��,QVLGH�WKH�
RXWOLQH�RI�WKH�&DGGR�HOLWH¶V�FRI¿Q�ZDV�D������FP�ORQJ�
$QGHUVRQ�NQLIH��WZR�FDUYHG�VWRQH�HDUVSRROV��DQG�WZR�
VHWV�RI�%DVVHWW�SRLQWV��Q ����DQG�Q �����-XVW�RXWVLGH�WKH�
FRI¿Q�DQG�WR�WKH�LQGLYLGXDO¶V�XSSHU�OHIW�ZDV�D�VPDOO�JUD\�
VLOW\�DUHD�FRQWDLQLQJ�DQRWKHU�TXLYHU�RI�%DVVHWW�SRLQWV�
�Q ����WZR�FDUYHG�VWRQH�HDUVSRROV��DQG�D�FOD\�SLSH��7KLV�
ODWWHU�FROOHFWLRQ�PD\�KDYH�UHSUHVHQWHG�WKH�LQWHUPHQW�RI�
D�VHFRQG�LQGLYLGXDO�RU�WKH�SODFHPHQW�RI�D�VDFUHG�EXQGOH��
2XWVLGH�RI�WKH�FRI¿Q�DQG�WR�WKH�LQWHUUHG�SHUVRQV¶�ULJKW�
VLGH�ZHUH����FHUDPLF�YHVVHOV��WZR�*ODVVHOO�(QJUDYHG�
JOREXODU�ERWWOHV�ZLWK�ORQJ�QHFNV��IRXU�7\VRQ�(QJUDYHG�
ERZOV��D�%URDGGXV�%UXVKHG�MDU��D�%HOFKHU�5LGJHG�MDU��
DQ�XQW\SHG�EUXVKHG�MDU��DQ�XQW\SHG�SLQFKHG�MDU��DQG�DQ�
HORQJDWHG�+XPH�(QJUDYHG�ERWWOH��7KLV�ODVW�YHVVHO�ZDV�
LQ�SRRU�FRQGLWLRQ�GXH�WR�LWV�YHU\�VRIW�VXUIDFH�DQG�FRXOG�
QRW�EH�IXOO\�UHFRQVWUXFWHG��)LJXUH�����)URP�WKH�WLPH�RI�
LWV�LQLWLDO�DVVHVVPHQW��WKLV�³,QGH[�9HVVHO´�ZDV�FRQVLGHUHG�
WR�KDYH�EHHQ�D�SRVVLEOH�WUDGH�LWHP�IURP�D�)UDQNVWRQ�
SKDVH�&DGGR�FRPPXQLW\�LQ�WKH�8SSHU�1HFKHV�UHJLRQ��
VRPH����PLOHV�WR�WKH�ZHVW��7KLV�VSHFXODWLRQ�ZDV�EDVHG�
RQ�LWV�GLVWLQFWLYH�YHVVHO�IRUP��HQJUDYHG�GHFRUDWLRQ��DQG�
LWV�VRIW��RUDQJLVK�H[WHULRU�VXUIDFH��$OO�WKH�RWKHU�¿QH�ZDUH�
YHVVHOV�IURP�WKH�0RUVH�0RXQG�VLWH�DUH�IURP�YHVVHO�W\SHV�
WKDW�DUH�NQRZQ�IURP�RWKHU�6KHOE\�&RXQW\�VLWHV��,Q�RUGHU�
WR�REWDLQ�DGGLWLRQDO�FRPSDUDWLYH�FRPSRVLWLRQDO�GDWD�
EHDULQJ�RQ�WKH�TXHVWLRQ�RI�WKH�YHVVHO¶V�WUDGH�VWDWXV��DOO�
FHUDPLF�REMHFWV�IURP�WKH�0RUVH�0RXQG�VKDIW�WRPE�ZHUH�
VXEMHFW�WR�S;5)�DQDO\VLV�GRQH�DW�WKH�8QLYHUVLW\�RI�7H[DV�
DW�7\OHU�LQ�)HEUXDU\������
� ;�UD\�ÀXRUHVFHQFH�DQDO\VLV�GHWHUPLQHV�WKH�
TXDOLWDWLYH�HOHPHQWDO�FRPSRVLWLRQ�RI�DQ�REMHFW�DQG�PD\�
SURYLGH�TXDQWLWDWLYH�GDWD�LQ�SDUWV�SHU�PLOOLRQ��+DQG�KHOG�
SRUWDEOH�(QHUJ\�'LVSHUVLYH�;5)�LQVWUXPHQWDWLRQ�KDV�
PXOWLSOH�DGYDQWDJHV������WKH�SRWHQWLDO�IRU�EHLQJ�QRQ�
GHVWUXFWLYH�WR�WKH�VWXGLHG�REMHFW������PLQLPDO�SUHSDUDWLRQ�
WR�VWXG\�DQ�REMHFW������IDVW�GDWD�UHFRYHU\������HDVH�RI�XVH��
DQG�����FRVW�HIIHFWLYHQHVV��6KDFNOH\�������I���6RPH�

&XUUHQW�5HVHDUFK�
$�3LORW�6WXG\�LQ�WKH�8VH�RI �S;5)�$QDO\VLV�RI �&DGGR�&HUDPLFV

7RP�0LGGOHEURRN��DQG�&��&ROOHHQ�+DQUDWW\�
�7H[DV�$UFKHRORJLFDO�6WHZDUGVKLS�1HWZRUN���8QLYHUVLW\�RI�7H[DV�DW�7\OHU
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OLPLWDWLRQV�RI�;5)�LQFOXGH�WKH�QHHG�IRU�DW�OHDVW����PP��
VXUIDFH�DUHD�WR�VWXG\��D�PLQLPXP�WKLFNQHVV�RI�WKH�REMHFW�
LV���PP��DQG�LW�LV�QRW�XVHIXO�IRU�WKH�OLJKWHU�HOHPHQWV�
�W\SLFDOO\�S;5)�LV�XVHG�IRU�PLG�UDQJH�DWRPLF�QXPEHU�
= ���6LOLFRQ�DQG�DERYH��
� ;�UDGLWLRQ�UHIHUV�WR�WKDW�SDUW�RI�WKH�
HOHFWURPDJQHWLF�VSHFWUXP�LQWHUPHGLDWH�EHWZHHQ�
XOWUDYLROHW�DQG�JDPPD�UDGLDWLRQ��ZDYHOHQJWK� ������
��QP��IUHTXHQF\� ��;��������;�����+]��ZLWK�HQHUJLHV�
LQ�WKH�UDQJH�RI����H9�WR����NH9��7KH�S;5)�LQVWUXPHQW�
LUUDGLDWHV�WKH�VWXGLHG�REMHFW�ZLWK�KLJK�HQHUJ\�;�5D\V�
WKDW�GLVORGJH�HOHFWURQV�IURP�WKH�WLJKWO\�ERQG�LQQHU�
VKHOOV��:KHQ�DQ�HOHFWURQ�IURP�KLJKHU�VKHOOV�GURSV�LQWR�
WKH�YDFDWHG�VSRW�WR�PDLQWDLQ�DWRPLF�VWDELOLW\��HQHUJ\�LV�
UHOHDVHG�LQ�WKH�IRUP�RI�DQ�;�UD\�SKRWRQ��WKLV�LV�NQRZQ�
DV�;�UD\�ÀXRUHVFHQFH��7KH�.Į�HPLVVLRQ�UHVXOWV�ZKHQ�
DQ�HOHFWURQ�¿OOV�D�VSRW�LQ�WKH�LQQHUPRVW�.�VKHOO�E\�DQ�
HOHFWURQ�IURP�WKH��S�RUELWDO�RI�WKH�VHFRQG�RU�/�VKHOO��
/Į�UHIHUV�WR�DQ�HOHFWURQ�IDOOLQJ�LQWR�WKH�YDFDQF\�LQ�WKH�
/�VKHOO�IURP�WKH�WKLUG�RU�0�VKHOO��,Q�DGGLWLRQ�WR�VHQGLQJ�
D�EHDP�RI�;�UD\V�LQWR�WKH�VWXGLHG�REMHFW��WKH�S;5)�
LQVWUXPHQW�FRQWDLQV�D�GHWHFWRU�WKDW�PHDVXUHV�WKH�HQHUJ\�
�NH9��RI�ÀXRUHVFHQW�;�UD\�SKRWRQV�HPLWWHG�E\�WKH�
HOHFWURQ�WUDQVLWLRQV��7KH�NH9�RI�HDFK�SKRWRQ�LV�GLUHFWO\�
UHODWHG�WR�WKH�VSHFL¿F�HOHPHQW���7KH�GHWHFWRU�DOVR�
PHDVXUHV�WKH�HPLVVLRQ�UDWHV�LQ�FRXQWV�SHU�VHFRQG��FSV���
LQGLFDWLQJ�WKH�FRQFHQWUDWLRQ�RI�WKH�LGHQWL¿HG�HOHPHQW��
7KHVH�WZR�PHDVXUHG�IDFWRUV��HQHUJ\�DQG�HPLVVLRQ�
UDWHV��DUH�WKH�EDVLV�RI�SURGXFLQJ�DQ�;�UD\�ÀXRUHVFHQFH�
VSHFWUXP�RI�DQ\�REMHFW�

� :H�FROOHFWHG�GDWD�IURP�HDFK�RI�WKH�0RUVH�
0RXQG�FHUDPLF�REMHFWV�ZLWK�D�%XUNHU�7UDFHU�,,,�6'�
V\VWHP�XWLOL]LQJ�D�UKRGLXP�WDUJHW�;�UD\�WXEH�DV�DQ�
H[FLWDWLRQ�VRXUFH�DQG�D�VLOLFRQ�GULIW�GHWHFWRU�ZLWK�D�
UHVROXWLRQ�RI�DSSUR[LPDWHO\�����H9�DW���������FSV��
1R�¿OWHU�ZDV�XVHG��'DWD�ZDV�SURFHVVHG�ZLWK�%UXNHU¶V�
VRIWZDUH�VXLWH�ZLWK�EDVLF�HPSLULFDO�FDOLEUDWLRQ��'DWD�
ZDV�FROOHFWHG�RYHU�DQ�DUHD�RI����PP��IRU����VHFRQGV�
SHU�VDPSOH��7ZR�WR�IRXU��DYHUDJH�WKUHH��VDPSOHV�ZHUH�
FROOHFWHG�SHU�REMHFW��W\SLFDOO\�IURP�VPRRWK�VSRWV�RQ�
WKH�LQWHULRU�VXUIDFH��H[WHULRU�VXUIDFH��DQG�DW�D�SDWFK�RI�
H[SRVHG�SDVWH��7KH�VDPSOHV�IURP�HDFK�FHUDPLF�REMHFW�
ZHUH�DYHUDJHG�IRU�FRPSDULVRQ�DQG�XVH�LQ�GHYHORSPHQW�
RI�VFDWWHUSORWV�LQ�0LFURVRIW�([FHO��3HDN�FRXQWV�IRU�.Į�
�DQG�/Į�LQ�WKH�FDVH�RI�7K��ZHUH�UHFRUGHG�IRU����HOHPHQWV�
LQFOXGLQJ�VLOLFRQ��FKORULQH��DUJRQ��SRWDVVLXP��FDOFLXP��
VFDQGLXP��WLWDQLXP��YDQDGLXP��FKURPLXP��PDQJDQHVH��
LURQ��FREDOW��]LQF��JDOOLXP��DUVHQLF��UXELGLXP��VWURQWLXP��
\WWULXP��]LUFRQLXP��QLRELXP��UXWKHQLXP��UKRGLXP��
FHVLXP��DQG�WKRULXP�
� ,QLWLDOO\��ZH�VHOHFWHG�WKUHH�HOHPHQWV�WKDW�
KDG�FOHDU�SHDNV�RQ�WKH�S;5)�VSHFWUXP�WR�XVH�IRU�
FRPSDULVRQV�RI�WKH�FHUDPLF�YHVVHOV�DQG�SLSH��SRWDVVLXP�
�.���&DOFLXP��&D���DQG�,URQ��)H���:KLOH�PLQRU�RU�WUDFH�
HOHPHQWV�DUH�PRVW�IUHTXHQWO\�XVHG�LQ�VRXUFLQJ�VWXGLHV�
RI�FKHUWV�DQG�PDQ\�RWKHU�DUFKDHRORJLFDO�PDWHULDOV��
ZH�GHFLGHG�LQ�WKLV�SLORW�VWXG\�WR�XVH�VRPH�RI�WKH�PRVW�
FRPPRQ�HOHPHQWV�WKDW�SHUKDSV�ZRXOG�GLVWLQJXLVK�
YDULRXV�FOD\V���:KHQ�WKH�WKUHH�VFDWWHUSORWV�ZHUH�
SURGXFHG��)H�.��)H�&D��.�&D���WKH�,QGH[�YHVVHO��9����
ZDV�DQ�RXWOLHU�RQ�DOO�WKH�SORWV��2I�DOO����FHUDPLF�YHVVHOV��
9���KDG�WKH�ORZHVW�DYHUDJH�.�DQG�&D�FRQWHQW��DQG�WKH�
VHFRQG�KLJKHVW�)H�FRQWHQW��,QWHUHVWLQJO\��WZR�RWKHU�
REMHFWV��QDPHO\�WKH�SLSH�DQG�WKH�SLQFKHG�GHFRUDWHG�
9HVVHO����FOXVWHUHG�ZLWK�9���RQ�DOO�WKUHH�SORWV��%RWK�RI�
WKHVH�LWHPV�DOVR�KDG�WKH�UHGGLVK�RUDQJH�FRORU�DQG�VRIWHU�
VXUIDFH�WKDW�FKDUDFWHUL]HG�WKH�,QGH[�YHVVHO��%RWK�REMHFWV�
PD\�KDYH�EHHQ�SURGXFHG�LQ�WKH�8SSHU�1HFKHV�UHJLRQ�DV�
ZHOO�EDVHG�RQ�VW\OH�DQG�GHFRUDWLRQ��7LPRWK\�.��3HUWWXOD��
SHUVRQDO�FRPPXQLFDWLRQ��)HEUXDU\��������%HFDXVH�WKH�
SURGXFWLRQ�PHWKRGRORJ\�RI�&DGGR�¿QH�ZDUHV�PD\�GLIIHU�
IURP�XWLOLW\�ZDUHV��D�VHW�RI�VFDWWHUSORWV�IRU�)H�.��)H�&D��
DQG�.�&D�ZHUH�PDGH�MXVW�ORRNLQJ�DW�WKH�VHYHQ�¿QH�ZDUH�
REMHFWV��7KH�,QGH[�YHVVHO�VWRRG�RXW�DV�DQ�RXWOLHU�LQ�DOO�
WKUHH�FDVHV��)LJXUHV������

)LJXUH����3KRWRV�RI�9HVVHO����,QGH[�9HVVHO���D�+XPH�(QJUDYHG�
ERWWOH�

Index Vessel: Hume Engraved Bottle 
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)HUJXVRQ��������UHDQDO\]HG�WKH�7H[DV�&DGGR�1HXWURQ�
$FWLYDWLRQ�$QDO\VLV�GDWDEDVH�IURP�QLQH�GHVLJQDWHG�
GUDLQDJH�EDVLQV�LQ�(DVW�7H[DV���6KHOE\�&RXQW\�VLWHV�IDOO�
LQ�WKH�VWXG\¶V�5HJLRQ����DQG�WKH�8SSHU�1HFKHV�VLWHV�
DUH�ZLWKLQ�5HJLRQ�����+LV�UHVHDUFK�HPSOR\HG�ELYDULDQW�
VFDWWHUSORWV�RI�)H�DQG����RWKHU�WUDFH�HOHPHQWV��FHVLXP��
FKURPLXP��DUVHQLF��KDIQLXP��WLWDQLXP��DQWLPRQ\��
YDQDGLXP��OXWHWLXP��FHULXP��DQG�WKRULXP���8WLOL]LQJ�
WZR�HOHPHQWV��QDPHO\�FKURPLXP�DQG�DUVHQLF��KHOSIXO�
LQ�DQDO\]LQJ�VLWHV�ZLWKLQ�5HJLRQ���LQ�)HUJXVRQ¶V�VWXG\��
ZH�FRQVWUXFWHG�D�VFDWWHUSORW�RI�WKH�VHYHQ�0RUVH�0RXQG�
¿QH�ZDUH�YHVVHOV�WR�VHH�LI�WUDFH�HOHPHQWV�FRXOG�SURYLGH�
KHOSIXO�LQIRUPDWLRQ�UHJDUGLQJ�FRPSRVLWLRQDO�GLVWLQFWLRQV�
EHWZHHQ�RXU�,QGH[�YHVVHO�DQG�RWKHUV�WKRXJKW�WR�EH�
ORFDOO\�PDGH��$JDLQ��WKH�GDWD�IURP�9���ZDV�DQ�RXWOLHU�
�)LJXUH����
� 7KLV�VPDOO�SLORW�VWXG\�LV�RQH�RI�WKH�¿UVW�WR�
XVH�S;5)�LQ�&DGGR�FHUDPLF�UHVHDUFK��,W�SURYHG�WR�
EH�D�UDSLG��QRQ�GHVWUXFWLYH��DQG�LQH[SHQVLYH�PHWKRG�
IRU�JHQHUDWLQJ�HOHPHQWDO�FRPSRVLWLRQ�GDWD�UHJDUGLQJ�
&DGGR�SRWWHU\��7KH�UHVXOWV�JHQHUDOO\�VXSSRUWHG�WKH�
QRWLRQ�WKDW�9HVVHO���ZDV�QRW�W\SLFDO�RI�PRVW�RI�WKH�
RWKHU�FHUDPLF�LWHPV�LQ�WKH�0RUVH�0RXQG�VKDIW�WRPE�
DQG�PD\�UHSUHVHQW�D�WUDGH�LWHP��7KH�SLSH�DQG�9HVVHO���
DSSHDU�FRPSRVLWLRQDOO\�VLPLODU�WR�WKH�,QGH[�YHVVHO�DQG�
PD\�KDYH�GHULYHG�IURP�D�VLPLODU�SURGXFWLRQ�ORFDWLRQ��
$GGLWLRQDO�S;5)�GDWD�IURP�NQRZQ�FHUDPLFV�IURP�
WKH�8SSHU�1HFKHV�UHJLRQ�ZLOO�EH�QHHGHG�WR�FRQ¿UP�D�
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