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7KH�UHVHDUFK�RI�KLVWRULFDO�OLPH�DQG�WDU�SURGXFWLRQ�VLWHV�LQ�WKH�DUHD�RI�.XUVL�DQG�5DQQX�
SDULVKHV�LQ�WKH�KLVWRULF�7DUWX�&RXQW\�ZDV�DFFRPSOLVKHG�LQ�WKH�IUDPHZRUN�RI�WKH�(VWR-
QLDQ�6FLHQWLÀF�)RXQGDWLRQ�JUDQW�QR�������¶7DU�DQG�/LPH�3URGXFWLRQ�LQ�(VWRQLD�GXULQJ�
WKH�3UHKLVWRULF��0HGLHYDO�DQG�0RGHUQ�7LPHV·�

INVESTIGATION OF LIME PRODUCTION FACILITIES
'XULQJ������VHYHUDO� OLPH�SURGXFWLRQ�IDFLOLWLHV�ZHUH�GLVFRYHUHG�DQG�LQVSHFWHG�LQ�WKH�
DUHD�KLVWRULFDOO\�NQRZQ�DV�WKH�.XUVL�SDULVK��'XULQJ�����²�����H[WHQVLYH�DUFKDHRORJL-
FDO�VXUYH\V�UHYHDOHG����OLPHNLOQ�UHPDLQV�RU�OLPHNLOQ�VLWHV��,Q�DGGLWLRQ�WR�WKDW��LQIRU-
PDWLRQ�ZDV� IRXQG� IURP�ZULWWHQ�VRXUFHV�DERXW���� OLPHNLOQV� WKDW�ZHUH� LPSRVVLEOH� WR�
ORFDWH�RQ�WKH�ODQGVFDSH�EHFDXVH�WKH\�KDG�EHHQ�FRPSOHWHO\�GHVWUR\HG��7YDXUL�	�6DLPUH�
���������������²�����ÀJ������

2QH�RI�WKH�PRWLYHV�WKDW�LQVSLUHG�WKH�UHVHDUFK�ZRUN�ZDV�DQ�DUWLFOH�E\�+DQV�.UXXV�
IURP������DERXW�OLPH�EXUQLQJ�LQ�WKH�3HGMD�5LYHU�DUHD��7KH�DUWLFOH�JLYHV�D�WKRURXJK�
DFFRXQW�RI�OLPH�EXUQLQJ�LQ�WKH�.XUVL�SDULVK�EDVHG�RQ�DUFKLYDO�UHFRUGV��.UXXV�DOVR�GH-
VFULEHV�WKH�WHFKQRORJLFDO�DVSHFW�RI�OLPH�EXUQLQJ�DV�KH�KLPVHOI�UHPHPEHUHG�LW��KH�VSHQW�
KLV�FKLOGKRRG�LQ�WKH�-}XQH�YLOODJH��DQG�LQIRUPDWLRQ�REWDLQHG�E\�D�TXHVWLRQQDLUH�GLVWULE-
XWHG�DPRQJ�WKH�ROGHU�OLPH�EXUQLQJ�VSHFLDOLVWV�LQ�WKH�DUHD�GXULQJ�WKH�VXPPHU�RI�������
7KH�UHVHDUFK�ZRUN�GRQH�E\�+DQV�.UXXV�FRYHUV�WKH�HWKQRJUDSKLF�DQG�KLVWRULFDO�DVSHFWV��
7KH�FXUUHQW�SURMHFW�DLPV�WR�FRPSOHPHQW�WKDW�ZRUN�ZLWK�WKH�DUFKDHRORJLFDO�DVSHFW�

REMAINS OF LIME PRODUCTION FACILITIES DISCOVERED IN 2009
,Q������ WKH� HDUOLHU� DUFKDHRORJLFDO� VXUYH\V�ZHUH� FRQWLQXHG��/DUJH� VFDOH� ODQGVFDSH�
VXUYH\V��PDSSLQJ�DQG�DOVR�VRPH�H[FDYDWLRQV�ZHUH�FDUULHG�RXW�E\�WKH�DXWKRUV�DQG�E\� 
$QGUHV�9LQGL��7h���,Q�WKH�FRXUVH�RI�WKHVH�VXUYH\V���PRUH�OLPHNLOQV�DQG�VRPH�DGGL-
WLRQDO�OLPH�TXDUULHV�ZHUH�GLVFRYHUHG��)LJ�����

2QH�RI�WKH�PRVW�LPSRUWDQW�VRXUFHV�LQ�WKH�UHVHDUFK�RI� OLPHNLOQV�LQ�ODQGVFDSH�LV�
WKH�DERYH�PHQWLRQHG�DUWLFOH�E\�.UXXV�ZKLFK� LQFOXGHV� WKH�GLVWULEXWLRQ�PDS�RI� OLPH-
NLOQV�NQRZQ�WR�KLP��.UXXV����������²������$QRWKHU�LPSRUWDQW�VRXUFH�ZDV�WKH�PDS�
FROOHFWLRQ�LQ�WKH�(VWRQLDQ�+LVWRULFDO�$UFKLYHV��VSHFLÀFDOO\�WKH�KLVWRULFDO�PDSV�DERXW�
WKH�.XUVL�DUHD��DQG�HVSHFLDOO\�WKH�SODQV�RI�WKH�6DGXN�OD�DQG�3XXUPDQL�PDQRUV�IURP� 
WKH�SHULRG�IURP�WKH�HQG�RI�WKH���WK�XQWLO�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��7KH�PDSV�
GHSLFW�ERWK�OLPHNLOQV�DQG�OLPHVWRQH�TXDUULHV��7KH�FRPPRQ�VLJQ�GHQRWLQJ�D�OLPHNLOQ�RQ�
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WKH�SODQV�LV�D�VFKHPDWLF�GHSLFWLRQ�RI�D�OLPHNLOQ�ZLWK�DQ�H[SODQDWRU\�WH[W�LQ�*HUPDQ��
Kalk Ofen or Kalkofen��7KH�WKLUG�LPSRUWDQW�VRXUFH�RI�LQIRUPDWLRQ�ZDV�WKH�(VWRQLDQ�
EDVLF�PDS�DQG�WKH�RUWKRJRQDO�DHULDO�SKRWRJUDSKV�RI�(VWRQLDQ�/DQG�%RDUG��ZKLFK�ZHUH�
XVHG�WR�GUDZ�FRQFOXVLRQV�DERXW�ODQG�PHOLRUDWLRQ�RI�WKH���WK�FHQWXU\�DQG�WR�LGHQWLI\�WKH�
PRVW�SURPLVLQJ�DUHDV�RI�OLPH�SURGXFWLRQ�

,Q�WKH��-}XQH�YLOODJH�D�ZHOO�SUHVHUYHG�DQG�XQSROOXWHG�OLPHNLOQ�ZDV�GLVFRYHUHG�����P� 
QRUWK�ZHVW� RI� WKH�9DQD�9HQHVDDUH� IDUPKRXVH��1R� OLPH�TXDUULHV� FRXOG�EH�GHWHFWHG�
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Fig. 1.   Lime production facilities in Kursi parish identified by end of 2009.  
Red triangles – preserved limekilns or remains;  
Blue triangles – limekilns mentioned in written sources but indistinguishable on the landscape;  
Yellow circles – limestone quarries.

Jn 1.     2009. a lõpuks välja selgitatud lubjatootmisega seotud muistised Kursi kihelkonnas.  
Punased kolmnurgad – maastikul säilinud lubjaahjud või lubjaahju asemed;  
Sinised kolmnurgad – kirjalikest allikatest teada lubjaahjud, mis on hävinud või mida ei leitud;  
Kollased ringid – paemurrud. 

Drawing / Joonis: Tanel Saimre
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LQ�WKH�YLFLQLW\��$FFRUGLQJ�WR�+DQV�.UXXV�WKLV�NLOQ�ZDV�XVHG�EHWZHHQ������DQG������ 
�.UXXV����������²������$QRWKHU�OLPHNLOQ�ZDV�GLVFRYHUHG�LQ�WKH�\DUG�DUHD�RI�.DDUOLPHW-
VD�IDUPVWHDG��)LJ����������P�QRUWK�HDVW�RI�WKH�3HGMD�5LYHU��$FFRUGLQJ�WR�.UXXV�WKLV�NLOQ�
ZDV�XVHG�EHWZHHQ������DQG�������.UXXV�������������,Q�WKH�7}UYH�YLOODJH�ZH�ORFDWHG�WKH�
IRUPHU�OLPHNLOQ�RI�WKH�8PED�IDUPVWHDG��RQ�WKH�ULJKW�EDQN�RI�WKH�3HGMD�5LYHU��,W�ZDV�
YHU\�ZHOO�SUHVHUYHG��ZLWK�DQ�LQQHU�GLDPHWHU�RI��²��P��7KH�LQQHU�OLQLQJ�PDGH�RI�JUDQLWH�
ZDV�SUHVHUYHG�XS�WR�D�KHLJKW�RI���P��7KH�NLOQ�LV�VXUURXQGHG�E\�D�TXDUU\��ZKHUH�OLPH-
VWRQH�RXWFURSV�FDQ�VWLOO�EH�VHHQ�WRGD\��$FFRUGLQJ�WR�+DQV�.UXXV�WKLV�NLOQ�ZDV�ODVW�XVHG�
LQ�������.UXXV�������������7ZR�PRUH�OLPHNLOQV�ZHUH�GLVFRYHUHG�LQ�WKH�VDPH�YLOODJH�
LQ�7}UYHVRR�FDGDVWUDO�XQLW��RQH�RI�ZKLFK�KDV�EHHQ�SUHVHUYHG�LQ�LWV�HQWLUHW\��7KH�NLOQV�
DUH�ORFDWHG�DSSUR[LPDWHO\����P�VRXWK�RI�WKH�7DPPLNX²7}UYH�URDG��LQ�D�EUXVK\�SDWFK� 
����P�ZHVW�RI�WKH�.XNH�IDUPKRXVH�

6WUDQJHO\�HQRXJK�+DQV�.UXXV��DIWHU�KDYLQJ�WKRURXJKO\�LQYHVWLJDWHG�WKH�KLVWRU\�
RI�OLPH�SURGXFWLRQ�LQ�WKH�DUHD��GRHV�QRW�PHQWLRQ�DQ\�RWKHU�OLPHNLOQV�LQ�WKH�7DPPLNX�
YLOODJH�H[FHSW�WKH�RQHV�RQ�WKH�0lQQLNX�IDUPVWHDG��,Q�WKH�VFRSH�RI�WKLV�SURMHFW�DOUHDG\�
VL[�RWKHU�OLPHNLOQV�KDYH�EHHQ�ORFDWHG��

2Q�WKH�ODQGV�RI�WKH�7DQL�IDUPVWHDG�LQ�WKH�7DPPLNX�YLOODJH�ZH�ZHUH�IRUWXQDWH�WR�
JHW�WKH�DVVLVWDQFH�RI�D�ORFDO�YLOODJHU�0DGLV�$ODEHUW��ZKR�OHDG�XV�WR�WKH�UHPDLQV�RI�WZR�
OLPHNLOQV��ERWK�RQ�WKH�ULJKW�EDQN�RI�WKH�.DDYH�5LYHU��2QH�RI�WKHP�LV�ORFDWHG�DERXW�����P� 
QRUWK�ZHVW� RI� WKH� 7DQL� IDUPKRXVH�� WKH� RWKHU� DERXW� ���� P� ZHVWZDUG� LQ� WKH� ZRRGV�� 
7KH�ÀUVW�KDV�EHHQ�SUDFWLFDOO\�OHYHOOHG��WKH�RWKHU��RQ�WKH�FRQWUDU\��LV�TXLWH�ZHOO�SUHVHUYHG��
0DGLV�$ODEHUW�DOVR�GLUHFWHG�XV�WR�WKH�OLPHNLOQ�UHPDLQV�ORFDWHG�LQ�WKH�VDPH�YLOODJH��LQ�
WKH�ZRRGV�����P�VRXWK�VRXWKHDVW�RI�WKH�7DQL�IDUPKRXVH��2Q�WKH�VRXWK�HDVWHUQ�VLGH�RI�

Fig. 2.   Remains of a limekiln found in Jõune village, Kaarlimetsa farmstead in 2009.
Jn 2.     2009. aastal Jõune külas Kaarlimetsa talu maal leitud lubjaahju jäänused. 
Photo / Foto: Andres Tvauri
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WKHVH��WKHUH�LV�D�OLPHVWRQH�TXDUU\�RYHU-
JURZQ�ZLWK�EUXVK�DQG�DERXW�����í�����
P�LQ�VL]H��,Q�WKH�7DPPLNX�YLOODJH�WKUHH�
ZHOO�SUHVHUYHG�OLPHNLOQV�ZHUH�IRXQG�RQ�
WKH� ODQGV� RI� WKH� 0lQQLNX� IDUPVWHDG��
7KH� RZQHU� KDG� FOHDUHG� WKH� NLOQV� RI�
RYHUJURZLQJ�EUXVK�TXLWH�UHFHQWO\��+DQV�
.UXXV�PHQWLRQHG�IRXU�NLOQV�LQ�WKDW�OR-
FDWLRQ��EXW�KH�KDG�QR�LQIRUPDWLRQ�DERXW�
WKH�WLPH�RI�WKHLU�XVDJH�����������²������
7KHUH��WRR�WKH�ORFDO�LQKDELWDQWV�KHOSHG�
WR�ORFDWH�D�OLPHNLOQ�RI�WKH�IRUPHU�6DUYH�
IDUPVWHDG��VLWXDWHG�DERXW�����P�QRUWK�
QRUWKHDVW� RI� WKH� 6DUYH� IDUPKRXVH� UX-
LQV��7KH�NLOQ�ZDV�XVHG�LQ�WKH�EHJLQQLQJ�
RI�WKH���WK�FHQWXU\�RU�HDUOLHU��

2Q�D�PDS�RI�3LNNQXUPH�YLOODJH�
GDWHG�WR�����²������($$������������D 
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Fig. 3.   Pikknurme 1st and Pikknurme 2nd limekilns on 
the boundary map of Saduküla and Pikknurme 
manors from 1799. 

Jn 3.     Pikknurme 1. ja 2. lubja-ahi 1799. a Saduküla ja 
Pikknurme mõisate piirikaardil. 

(EAA 2623-1-2036a/5.)
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�����D�OLPHNLOQ�LV�ORFDWHG�DERXW�����P�QRUWK�RI�WKH�FURVVURDGV�RI�WKH�FXUUHQW�7DOOLQQ²
7DUWX�URDG�DQG�WKH�URDG�WR�3||UD��7KH�VDPH�NLOQ�LV�DOVR�GHSLFWHG�RQ�D�PDS�GDWHG�WR������
�($$������������D������2Q�WKLV�ORFDWLRQ��LQ�WKH�ZRRGV�QRUWK�RI�+XQGLRMD�&UHHN�ZKLFK�
ÁRZV�LQWR�WKH�3LNNQXUPH�5LYHU��ZH�IRXQG�D�ODUJH�OLPHVWRQH�TXDUU\��EXW�QR�WUDFHV�RI� 
D�OLPHNLOQ��

$�ODUJH�OLPHVWRQH�TXDUU\�ZDV�IRXQG�RQ�WKH�OHIW�EDQN�RI�WKH�.DDYH�5LYHU�LQ�/DDVPH�
YLOODJH�RQ�WKH�ODQGV�RI�WKH�IRUPHU�,LVDNX�IDUPVWHDG��,W�ZDV�ORFDWHG�LQ�D�IRUHVWHG�DUHD�
MXVW�ZHVW�RI�WKH�YLOODJH�URDG��ZHVW�RI�WKH�VDZPLOO�EXLOGLQJV��1R�OLPHNLOQV�ZHUH�IRXQG��
QRU�GLG�WKH�ODQGRZQHU�NQRZ�RI�DQ\�OLPHNLOQV�RQ�KLV�ODQGV��7KH�NLOQ�ZDV�PRVW�SUREDEO\�
ORFDWHG�WKHUH��EXW�KDV�EHHQ�GHVWUR\HG��VLQFH�DFFRUGLQJ�WR�+DQV�.UXXV�WKH�UHPDLQV�RI�
WZR�OLPHNLOQV�VWRRG�KHUH�DW�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��.UXXV����������²������

��,Q�FRQFOXVLRQ�WKH�LQYHVWLJDWLRQV�RI�OLPH�SURGXFWLRQ�LQ�WKH�\HDU������ZHUH�VXFFHVV-
IXO��$V�D�UHVXOW�RI�WKH�SURMHFW��7DQHO�6DLPUH�GHIHQGHG�KLV�0DVWHU·V�WKHVLV�LQ�DUFKDHRO-
RJ\�LQ�WKH�8QLYHUVLW\�RI�7DUWX��6DLPUH��������3UDFWLFDO�ODQGVFDSH�H[SHULHQFH�REWDLQHG�
GXULQJ�WKH�HDUOLHU�\HDUV�RI�WKH�UHVHDUFK�SURMHFW�DQG�WKH�LQIRUPDWLRQ�SURYLGHG�E\�ORFDO�
SHRSOH�ZHUH�RI�JUHDW�DVVLVWDQFH�WR�WKH�GLVFRYHU\�RI�OLPHNLOQV����

ARCHAEOLOGICAL RESEARCH OF LIMEKILN  
   REMAINS IN PIKKNURME
2Q� WKH� ERXQGDU\� PDS� RI� 6DGXN�OD� DQG� 3XXUPDQL� PDQRUV� GDWLQJ� IURP� ����� WZR�
OLPHNLOQV�DUH�GHSLFWHG��%RWK�RI�WKHP�DUH�ORFDWHG�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�SUHVHQW�
3LNNQXUPH�YLOODJH��RQ�IDUPHG�ODQG�HDVW�RI�WKH�3LNNQXUPH�5LYHU��)LJ������7KH�QRUWKHUQ�
OLPHNLOQ��3LNNQXUPH����LV�YLVLEOH�WR�WKLV�GD\�DV�D�KRUVHVKRH�VKDSHG�IHDWXUH�DERXW�����P� 
KLJK��,Q�WKH���WK�FHQWXU\�D�ODUJH�VSUXFH�JURZLQJ�RQ�WRS�RI�WKH�NLOQ�UHPDLQV�SUREDEO\�
SURWHFWHG�LW�DJDLQVW�DJULFXOWXUDO�DFWLYLWLHV�E\��7KH�VRXWKHUQ�NLOQ��KRZHYHU��LV�ORFDWHG�RQ�
ÁDW�IDUPLQJ�ODQG��IDOORZ�DW�WKH�WLPH�RI�UHVHDUFK���:KLOH�YLVLWLQJ�WKH�VLWH�LQ�HDUO\�VSULQJ�RI�
�����D�SDWFK�RI�YHJHWDWLRQ�FDXJKW�RXU�DWWHQWLRQ��7KLV�SDWFK�ZDV�ORFDWHG�DSSUR[LPDWHO\� 
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Fig. 4.  The location of Pikknurme 2nd limekiln in early 
spring of 2009. Tanel Saimre is standing on the 
location of the limekiln which contains a lot of 
ground-elder in contrast to the dry grass of the 
surrounding field. 

Jn 4.     Pikknurme 2. lubjaahju ase 2009. aasta 
kevadel. Tanel Saimre seisab tasandatud 
ahju põletuskambri asukohal, mis eristub 
varakevadisel heinamaal rohke naadi 
kasvualana. 

Photo / Foto: Andres Tvauri
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Fig. 5.   The excavations of the Pikknurme 2nd limekiln. 
Jn 5.      Pikknurme 2. lubjaahju kaevamine. 
Photo / Foto: Andres Tvauri

DW�WKH�VLWH�ZKHUH�WKH�OLPHNLOQ�ZDV�H[-
SHFWHG�WR�EH��7KH�UHVW�RI�WKH�ÀHOG�ZDV�
FRYHUHG�E\� WKH�SUHYLRXV�\HDU·V�GULHG�
JUDVV��RQO\�WKLV�SDUWLFXODU�SDWFK�DERXW�
�� P� LQ� GLDPHWHU� FRQWDLQHG� D� ODUJH�
DPRXQW�RI�JURXQG�HOGHU��Aegopodium 
podagraria�� �)LJ�� ���� 6RLO� GULOO� VDP-
SOHV� GHPRQVWUDWHG� ODUJH� DPRXQWV� RI�
URFNV��EXUQW�FOD\��FKDUFRDO�DQG�OLPH�
IUDJPHQWV��7KHVH�SUHOLPLQDU\�REVHU-
YDWLRQV� VKRZHG� WKDW� WKH� UHPDLQV� RI�
WKH�OLPHNLOQ�ZHUH�ORFDWHG�DERXW����P� 
VRXWK�RI�D�FUHHN�ÁRZLQJ�LQWR�WKH�3LNN� 
QXUPH�5LYHU��RQ�WKH�HGJH�RI�WKH�FUHHN·V� 
ÁRRGSODLQ�� IDFLQJ�QRUWK�ZHVW�� ,Q� WKH�
VSULQJ�RI������ZH�FDUULHG�RXW�DUFKDHR-
ORJLFDO� H[FDYDWLRQV� RQ� WKH� VLWH�� 7KH�
JRDO� ZDV� WR� LQYHVWLJDWH� ZKHWKHU� WKH�
XQGHUJURXQG� UHPDLQV� RI� D� OLPHNLOQ�
WKDW�KDV�EHHQ�FRPSOHWHO\�GHVWUR\HG�RQ�
WKH�VXUIDFH�FRXOG�KLGH�DQ\�VLJQLÀFDQW�
LQIRUPDWLRQ�

)LUVW��D����P��SLW�ZDV�GXJ�RQ�WKH�
VRXWKHUQ�HGJH�RI�WKH�UHPDLQV��8QGHU�WKH� 
OD\HU�RI�SORXJKHG�VRLO�ca.����FP�WKLFN� 
\HOORZLVK� VDQG\� FOD\�ZDV� XQHDUWKHG�
LQ�ZKLFK�D�FLUFXODU�UHG�EXUQW�DUHD�ZDV�
FOHDUO\�GLVWLQJXLVKDEOH��)LJV���²����:H�
SUHVXPHG�WKHVH�LQGLFDWHG�WKH�FRQWRXUV�
RI�WKH�NLOQ·V�ÀUHSODFH��7KHQ�ZH�H[WHQG-
HG�WKH�SLW�WRZDUGV�WKH�QRUWK�WR�LQYHV-
WLJDWH� SDUWV� RI� WKH� ÀUHSODFH� DQG� WKH�
DUHD� LQ� IURQW� RI� WKH� NLOQ�� 7KH� DUHD� RI�
WKH�SLW�WRWDOOHG�������P���7KH�ÀUHSODFH�
KDG� EHHQ� GXJ� LQWR� WKH� QDWXUDO� VDQG\�
FOD\�WR�D�GHSWK�RI�DW�OHDVW�����P��,W�ZDV�
ÀOOHG�ZLWK�ODUJH�EXUQW�ERXOGHUV�DQG�UHG�
EXUQW�FOD\��FDYHG�LQ�IURP�WKH�VWRQH�LQ-
QHU�OLQLQJ�RI�WKH�NLOQ��7KH�LQQHU�GLDP-
HWHU�RI�WKH�ÀUHSODFH�ZDV�DSSUR[LPDWHO\�
����í�����P��+HUH�ZH�RQO\�FOHDUHG�RXW�
WKH�ERXOGHUV��EXW�GLG�QRW�UHPRYH�WKHP��
:H�SDUWO\� UHPRYHG� WKH�ERXOGHUV� IURP�
WKH�QRUWKHUQ�HGJH�RI�WKH�SLW�WR�FOHDU�RXW� 
D�YHUWLFDO�SURÀOH�RI�WKH�NLOQ�
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Fig. 6.   Plan of the excavation pit at the Pikknurme 2nd 
limekiln.

Jn 6.     Pikknurme 2. lubjaahju aseme kaevandi plaan. 
Drawing / Joonis: Andres Tvauri

Fig. 7.   North-east profile of the Pikknurme 2nd excavation pit.  
1 – turf; 2 – ploughed soil; 3 – soil with lime and charcoal particles;  
4 – burned clay; 5 – charcoal; 6 – lime; 7 – boulder. 

Jn 7.     Pikknurme 2. lubjaahju kaevandi kirdeprofiil.  
1 – mättakiht; 2 – künnikiht; 3 – lubja- ja söesegune muld;  
4 – põlenud savi; 5 – süsi; 6 – lubi; 7 – maakivi. 

Drawing / Joonis: Andres Tvauri, Kristel Külljastinen
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7KH�SLW�DOVR�H[WHQGHG�WR�WKH�DUHD�
LQ�IURQW�RI�WKH�NLOQ��+HUH�LPPHGLDWHO\�
XQGHU�WKH�SORXJKHG�OD\HU�D����FP�WKLFN�
PL[WXUH�RI� FKDUFRDO�DQG� OLPH�ZDV�XQ-
FRYHUHG� �)LJV�� �²����$� YHU\� LPSRUWDQW�
FKDUDFWHULVWLF� ZDV� WKDW� WKH� FKDUFRDO�
DQG� OLPH� OD\HUV�� HDFK� D� IHZ� FHQWLPH-
WUHV�WKLFN��ZHUH�ODLG�DOWHUQDWHO\�WR�WKH�
GHSWK�RI�DSSUR[LPDWHO\�����FP��ZKHUH�
WKH�QDWXUDO�SHDW�OD\HU�VWDUWHG��:H�DV-
VXPHG�WKDW�RQH�SDLU�RI�OLPH�DQG�FKDU-
FRDO� OD\HUV� VWDQGV� IRU� RQH� OLPH� EXUQ-
LQJ� HYHQW�� ,Q� WKH� VWUDWLJUDSKLF� SURÀOH�
RI� WKH�SLW���� OD\HUV�SDLUV�ZHUH�GLVWLQ-
JXLVKDEOH�� KHQFH� DW� OHDVW� ��� ORDGV� RI�
OLPH�KDYH�EHHQ�EXUQW�LQ�WKDW�NLOQ��7KH�
ORZHVW� FKDUFRDO� OD\HU�� ULJKW� RQ� WRS� RI�

WKH�QDWXUDO�SHDW��FRQWDLQHG�D�ORW�RI�ELUFK�EDUN��7KLV�SUREDEO\�RULJLQDWHV�IURP�ÀUHZRRG��
6DPSOHV�ZHUH�FROOHFWHG�IRU���&�GDWLQJ��8QIRUWXQDWHO\�WKH�UHVXOWV�ZHUH�QRW�\HW�DQDO\VHG�
E\�WKH�ODERUDWRU\�E\�WKH�WLPH�WKLV�DUWLFOH�ZDV�SXEOLVKHG�

INVESTIGATION OF TAR PRODUCTION FACILITIES
,Q� ����²����� D� IHZ� WDU� EXUQLQJ� IDFLOLWLHV� ZHUH� LQGHQWLÀHG� LQ� WKH� VRXWKHUQ� SDUW� RI�
5DQQX�SDULVK� LQ� WKH� FRXUVH� RI� ODQGFDSH� VXUYH\� WULSV��2I� WKHVH�D� FRPSOH[� RI� VL[� WDU�
SLWV�ORFDWHG�LQ�WKH�VWDWH�IRUHVW�HDVW�RI�WKH�ÀHOGV�RI�WKH�9HKHQGL�YLOODJH�ZDV�FKRVHQ�IRU� 
DUFKDHRORJLFDO�UHVHDUFK��)RXU�RI�WKH�WDU�SLWV�DUH�VLWXDWHG�DW�WKH�FURVVURDGV�RI�IRXU�IRUHVW�
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Fig. 8.   The location of the tar production site in Vehendi.
Jn 8.      Vehendi tõrvapõletuskoha asukoht.
Drawing / Joonis: Andres Tvauri

Lake 
Võrtsjärv

Vehendi

� ��NP

WUDLOV��)LJ������7ZR�RWKHU�WDU�SLWV��VXU-
URXQGHG� E\� GR]HQV� RI� VPDOOHU� URXQG�
GHSUHVVLRQV�LQ�WHUUDLQ��DUH�ORFDWHG�����
P� HDVW�QRUWKHDVW� RI� WKHVH�� 7KH� FORVH�
VXUURXQGLQJV�RI�WKH�WZR�ODWWHU�WDU�SLWV�
ZHUH� PDSSHG� LQ� ����� ZLWK� D� GLJLWDO�
WRWDO� VWDWLRQ� �7YDXUL�	�6DLPUH� ������
���²�����ÀJ���������

6LQFH� WDU� SLWV� KDYH� QHYHU� EHHQ�
LQYHVWLJDWHG� LQ� (VWRQLD� EHIRUH� QRU�
HYHQ� UHFRJQLVHG� DV� DQ� DUFKDHRORJLFDO�
PRQXPHQW��ZH�GHÀQHG�WKH�JRDO�RI�WKH�
H[FDYDWLRQV�� WR� GHWHUPLQH� ZKDW� NLQG�
RI� LQIRUPDWLRQ� FDQ� EH� REWDLQHG� IURP�
VWXG\LQJ�WKHVH�REMHFWV�DQG�ZKDW�NLQG�
RI�PHWKRGV�VKRXOG�EH�XVHG� IRU� LWV�H[-
FDYDWLRQ��$OVR��ZH�DLPHG�WR�GHWHUPLQH�
WKH�W\SH�RI�WKH�WDU�SLW�XQGHU�LQYHVWLJD-
WLRQ�DQG�WR�VSHFLI\�LWV�GDWH�

ARCHAEOLOGICAL FIELD 
     WORK ON A TAR PRODUCTION 

SITE IN VEHENDI
,Q� WKH� VSULQJ� RI� ����� WKH� QRUWKHUQ 
PRVW�RI� WKH� WZR�HDVWHUQ�SLWV�DPRQJ�
WKH�JURXS�RI� WDU�SLWV� ORFDWHG�HDVW�RI�
WKH�9HKHQGL�YLOODJH�ZDV�H[FDYDWHG��,Q�
DGGLWLRQ�WR�WKH�DXWKRUV�RI�WKH�SUHVHQW�
DUWLFOH� WKH� VWXGHQWV� RI� DUFKDHRORJ\�
3lLYL�-DQWXQHQ��8QLYHUVLW\�RI�+HOVLQ-
NL���,QJPDU�1RRUODLG�DQG�.ULVWR�6LLJ�
�8QLYHUVLW\�RI�7DUWX��SDUWLFLSDWHG� LQ�
WKH�ÀHOGZRUN���

7KH�VWXGLHG�WDU�SLW�ZDV�VLWXDWHG�
RQ�D�GXQH�RI� \HOORZ�VDQG��%HIRUH� WKH�
H[FDYDWLRQ�WKH�WDU�SLW�ZDV�REVHUYDEOH�
RQ�WKH�JURXQG�DV�D���í���P�ELJ�DQG�XS�
WR�����P�GHHS�RYDO�GHSUHVVLRQ��)LJ������
:H� KDG� SUHYLRXVO\� GHWHUPLQHG� ZLWK�
WKH�DLG�RI�D�VRLO�GULOO�WKDW�EHQHDWK�WKH�
WXUI�DQG�WKH�FROODSVH�OD\HU�RI�VDQG�OLHV�
DQ�DSSUR[LPDWHO\����FP�WKLFN�FKDUFRDO�
OD\HU�ZLWK�UHG�EXUQW�VDQG�XQGHU�LW�

:H�GHFLGHG�WR�GLJ�WKURXJK�WKH�LQ� 
VLGH�RI�WKH�WDU�SLW�E\�SHHOLQJ�WKLQ�OD\HUV�� 

Fig. 9.   Tar pit during excavations.
Jn 9.     Tõrvaauk kaevamiste käigus.
Photo / Foto: Tanel Saimre

Fig. 10.   Tar pit unearthed.
Jn 10.      Tõrvaauk lahti kaevatuna.
Photo / Foto: Tanel Saimre
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Fig. 12. The plan of the tar pit after excavation. Depth 
between two consecutive contour lines is 40 cm.

Jn 12.   Tõrvaaugu plaan pärast lahti kaevamist. 
Samakõrgusjoonte vahe on 40 cm.

Drawing / Joonis: Tanel Saimre
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$IWHU�UHPRYLQJ�WKH�WXUI�OD\HU�VDQG�ZLWK�
FKDUFRDO� SDUWLFOHV� ZDV� H[SRVHG� RQ� WKH�
ZDOOV�DQG�LQ�WKH�ERWWRP�RI�WKH�GHSUHVVLRQ��
,Q� WKH� FRXUVH� RI� WKH� H[FDYDWLRQ� WKH� UH-
PDLQV�RI�EXUQW�SLHFHV�RI�ZRRG�ZHUH�IRXQG�
IURP�WKH�VORSHV�RI�WKH�GHSUHVVLRQ�ZKHUHDV�
DOO�EHWWHU�SUHVHUYHG�ZRRG�UHPDLQV�ZHUH�
VLWXDWHG�XSULJKW� RQ� WKH� VORSHV�� GLUHFWHG�
WRZDUGV� WKH� ERWWRP� RI� WKH� GHSUHVVLRQ��
7KH�ORFDWLRQ�RI�WKH�ZRRG�XVHG�IRU�H[WUDFW-
LQJ�WDU�XQGRXEWHGO\�UHIHUUHG�WR�D�WDU�SLW�
DQG�QRW�D�FKDUULQJ�SLW�XVHG�IRU�EXUQLQJ�
FKDUFRDO��1DPHO\��LQ�WKH�WDU�SLW�WKH�SLQH�
VSOLQWHUV�ZHUH�SODFHG�VR�WKDW�WKH�WDU�UXQ-
QLQJ�RXW�RI�WKHP�LQ�WKH�FRXUVH�RI�EXUQLQJ�
ZRXOG� DFFXPXODWH� LQWR� RQH� DUHD� LQ� WKH�
ERWWRP�RI�WKH�GHSUHVVLRQ����

$IWHU� EHLQJ� XQHDUWKHG� WKH� WDU� SLW�
WXUQHG� LQWR�D���í���P�ELJ�DQG�XS� WR���
P� GHHS� RYDO� IXQQHO�VKDSHG� GHSUHVVLRQ�
�)LJV����²�����7KH�ERWWRP�RI�WKH�GHSUHV-
VLRQ�UHDFKHG�WKH�QDWXUDO�VLOW�OD\HU�RI�WKH�

-10                     -5                       0

EDVH�RI�WKH�GXQH�WKDW�KDG�EHHQ�EXUQW�FRPSOHWHO\�KDUG��7KLV�IXQQHO�VKDSH�RI�WKH�GH-
SUHVVLRQ��LQ�DGGLWLRQ�WR�WKH�SRVLWLRQ�RI�WKH�EXUQW�SLHFHV�RI�ZRRG��DOVR�LQGLFDWHG�WKDW�ZH�
PLJKW�EH�GHDOLQJ�ZLWK�D�WDU�EXUQLQJ�VLWH�DQG�QRW�D�FKDUULQJ�SLW�IRU�FKDUFRDO�EXUQLQJ����

1R�LQGLFDWLRQ�FRXOG�EH�IRXQG�WKDW�WKH�WDU�UXQQLQJ�RXW�RI�WKH�SLQH�VSOLQWHUV�ZRXOG�
KDYH�EHHQ�OHG�LQWR�D�ÁXPH�RU�E\�PHDQV�RI�D�FKDQQHO�LQWR�WKH�GHSUHVVLRQ�QH[W�WR�WKH�
WDU�SLW��7KXV�LW�PLJKW�KDYH�EHHQ�D�WDU�SLW�RI�WKH�PRVW�SULPLWLYH�W\SH�ZKHUH�WDU�FRQFHQ-
WUDWHG�WR�WKH�ERWWRP�RI�WKH�KROH�LQ�WKH�FRXUVH�RI�EXUQLQJ�DQG�ZDV�UHPRYHG�RQO\�DIWHU�
WKH�EXUQLQJ�SURFHVV�KDG�WHUPLQDWHG��$SSDUHQWO\�WKH�WDU�PXVW�KDYH�DFFXPXODWHG�LQWR�D�
FDXOGURQ�LQ�WKH�ERWWRP�RI�WKH�SLW��

,Q�WKH�VXUURXQGLQJV�RI�WKH�WZR�HDVWHUQPRVW�SLWV�RI�WKH�JURXS�RI�WDU�SLWV�RI�9HKHQGL�� 
GR]HQV�RI�GHSUHVVLRQV�ZLWK�WKH�GLDPHWHU�RI����²��P�DQG�GHSWK�RI����²����P�FDQ�EH�IRXQG�
RQ�VDQG�GXQHV�UXQQLQJ�LQ�URZV�LQ�WKH�UDQJH�RI�VHYHUDO�KXQGUHG�PHWHUV��,Q�RUGHU�WR�ÀQG�
RXW�ZKDW�WKH�QDWXUH�RI�WKHVH�REMHFWV�LV��RQH�RI�WKHVH�GHSUHVVLRQV��O\LQJ�����P�VRXWK�RI�
WKH�VWXGLHG�WDU�SLWV��ZDV�LQYHVWLJDWHG�LQ�������,WV�GLDPHWHU�SULRU�WKH�H[FDYDWLRQV�ZDV�
����P�DQG�WKH�GHSWK���²���FP��

,Q�RUGHU�WR�REWDLQ�WKH�SURÀOH�RI�WKH�GHSUHVVLRQ��LWV�VRXWKHUQ�SDUW�ZDV�RSHQHG��)LJ������� 
6DQG�UHPRYHG�IURP�WKH�SLW�KDG�EHHQ�DFFXPXODWHG�RQ�WKH�HGJH�RI�WKH�SLW�DV�D�FLUFXODU�
ZDOO�ZLWK�D�KHLJKW�RI����FP�IURP�WKH�LQLWLDO�JURXQG�DQG�D�ZLGWK�RI�����P��*UH\�QDWXUDO�
SRG]ROLF�OD\HU�FRQVLVWLQJ�RI�TXDUW]�VDQG�DQG�ORFDWHG�DERYH�WKH�\HOORZ�GXQH�VDQG�FRXOG�
FOHDUO\�EH�IROORZHG�XQGHU�WKH�ZDOO��)LJ����������FP�EHORZ�WKH�SRG]ROLF�OD\HU�XQGHU�WKH�
ZDOO� WKH� LQYHVWLJDWHG�GHSUHVVLRQ�SDVVHG� WKURXJK�DQRWKHU�SRG]ROLF� OD\HU�� ,W� RULJLQDWHG�
IURP�WKH�SHULRG�EHIRUH�GLJJLQJ�RI�WKH�SLW��<HOORZ�GXQH�VDQG�FRQWLQXHG�XQGHU�WKH�OD\HU��
0HDVXUHG�IURP�WKH�JURXQG�OHYHO�RI�WKH�SHULRG�RI�WKH�SLW·V�IRUPDWLRQ�WKH�GLDPHWHU�RI�WKH�
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GHSUHVVLRQ� GLUHFWO\� DIWHU� GLJJLQJ� ZDV�
DSSUR[LPDWHO\�����P��'HHSHU�GRZQ�WKH�
GHSUHVVLRQ�EHFDPH�QDUURZHU��UHDFKLQJ�
WKH� OD\HU� RI� KDUG� FOD\H\� PRUDLQH� H[-
SRVHG�DW�WKH�GHSWK�RI������P�IURP�WKH�
LQLWLDO� WHUUDLQ�� 1HLWKHU� FKDUFRDO� QRU�
RWKHU�WUDFHV�RI�EXUQLQJ�FRXOG�EH�IRXQG�
IURP� WKH� SLW�� 7KH� FRQVLGHUDEOH� DJH� RI�
WKH�SLW�LV�GHPRQVWUDWHG�E\�WKH�IDFW�WKDW�
WKH� SRG]ROLF� OD\HU� ZDV� IRUPHG� LQ� WKH�
ERWWRP�DQG�RQ�WKH�EDQNV�VXUURXQGLQJ�
WKH�SLW�DIWHU�LWV�FROODSVH�

ETNOGRAPHIC PARALLELS 
TO THE VEHENDI  

   TAR PRODUCTION SITE
7KH� HWKQRJUDSKLF� VRXUFHV� RI� WKH�
��WK²��WK� FHQWXU\� (VWRQLD� RIIHU� H[-
WUHPHO\� VFDUFH� DQG� YDJXH� LQIRUPD-
WLRQ� DERXW� WDU� PDNLQJ� LQ� WDU� SLWV� RU��
LQ� RWKHU�ZRUGV�� WDU�JUDYHV��)RU� VLQJOH� 
XVHUV� WDU� ZDV� FRPPRQO\� SURGXFHG� LQ�
DQ� RYHUWXUQHG� FDXOGURQ�� IRU� JDLQLQJ�
ODUJHU�TXDQWLWLHV�LQ�DERYHJURXQG�VWRQH�
NLOQV�WKH\�ZHUH�ODWHU�OLQHG�ZLWK�PHWDO�
RQ� WKH� LQVLGH� �VHH�9LLUHV���������²����

Fig. 13. The profile of the extrac-tion hole of a tree stump.
Jn 13.    Kännujuurimisaugu profiil.
Drawing / Joonis: Andres Tvauri

Fig. 14. The extraction hole of a tree stump during 
excavations.

Jn 14.   Kännujuurimisauk kaevamiste käigus.
Photo / Foto: Andres Tvauri

WXUI���PlWWDNLKW SRG]ROLF�OD\HU���OHHWHNLKW

1 m

/HHWPDD�������������+RZHYHU��WDU�PDNLQJ�LQ�WDU�SLWV�KDV�EHHQ�YHU\�ZLGHVSUHDG�LQ�)LQ-
ODQG�GXULQJ�WKH���WK²��WK�FHQWXU\��0RUHRYHU��LQ�WKH�)LQQLVK�WDU�SLWV�RI�WKH�ROGHVW�W\SH�
WDU�DFFXPXODWHG�RQ�WKH�ERWWRP�RI�WKH�SLW�VLPLODUO\�WR�WKH�SLW�VWXGLHG�LQ�9HKHQGL��6LQFH�
WKH���WK�FHQWXU\�WKH�WDU�JDWKHUHG�RQ�WKH�ERWWRP�ZDV�GLUHFWHG�RXW�RI�WKH�SLW�E\�PHDQV�RI�D�
ZRRGHQ�ÁXPH��ZKLFK�OHG�WKH�WDU�GLUHFWO\�LQWR�D�EDUUHO�QH[W�WR�WKH�SLW��7DOYH�����������

&RQVLGHULQJ� WKH� IDFW� WKDW� VPDOOHU� GHSUHVVLRQV� DUH� ORFDWHG� LQ� WKH� VXUURXQGLQJV�
RI� WDU�SLWV�DQG�DZD\�IURP�GZHOOLQJ�DUHDV�� WKH\�FDQ�EH�DVVRFLDWHG�SUHGRPLQDQWO\�ZLWK 
WDU� SURGXFWLRQ�� ,Q� ��WK²��WK� FHQWXU\� (VWRQLD� WKH� VWXPSV� RI� SLQHV� DSSUR[LPDWHO\� 
D�KXQGUHG�\HDUV�ROG�WKDW�KDG�EHHQ�UHVWLQJ�LQ�WKH�JURXQG�IRU���²���\HDUV�ZHUH�EHOLHYHG�
WR�EH�WKH�PRVW�VXLWDEOH�UDZ�PDWHULDO�IRU�WDU�PDNLQJ��7KHLU�H[WHULRU�KDG�DOUHDG\�KDG�VXI-
ÀFLHQW�WLPH�WR�URW�DQG�WDU�KDG�DFFXPXODWHG�LQWR�WKH�FHQWHU��6DQG\�DQG�VWRQHOHVV�WHUUDLQ�
ZDV�SUHIHUUHG� IRU�H[WUDFWLQJ�VWXPSV��6RLO�ZDV�UHPRYHG� IURP�DURXQG�WKH�VWXPS��URRWV�
ZHUH�FXW�WKURXJK�DQG�WKH�VWXPS�ZDV�OLIWHG�RXW�RI�WKH�JURXQG�XVLQJ�D��²��P�ORQJ�VSUXFH�
OHYHU��/HHWPDD�������������7KH�QXPHURXV�VPDOOHU�GHSUHVVLRQV�RQ�VDQG�GXQHV�FORVH�WR�WKH�
9HKHQGL�WDU�SLWV�DUH�PRVW�OLNHO\�WKH�KROHV�OHIW�IURP�H[WUDFWLQJ�WKH�VWXPSV�����

DETERMINING THE AGE OF THE VEHENDI TAR PRODUCTION SITE 
7KH�DJH�RI� WKH� WDU�SURGXFWLRQ�VLWH� LQ�TXHVWLRQ�VWLOO� UHPDLQV�XQFOHDU��7KH� UDGLRFDUERQ�
GDWH�JDLQHG�DOUHDG\�LQ������IURP�WKH�QRZ�H[FDYDWHG�WDU�SLW�VKRZHG�WKH�DJH�RI��������%3�
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Fig. 14. Tar pits (1), tar or charring pit (2) and  
groups of extraction holes of tree stumps 
(3) discovered in the Rannu parish.   

Jn 14.   Rannu kihelkonna alal avastatud tõrva-
augud (1), tõrva- või miiliaugud (2) ja 
kännujuurimisaukude rühmad (3).

Drawing / Joonis: Andres Tvauri
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Võrtsjärv

Vehendi

Rannaküla

Rannu
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�FDOLEUDWHG�ZLWK� WKH�SUREDELOLW\�RI�������WR�
����²�����$'��1�7DU�KDV�EHHQ�SURGXFHG�KHUH�
GHÀQLWHO\�EHIRUH� WKH���WK�FHQWXU\�VLQFH� WKH�
SLQH�IRUHVW�IHOOHG�RQ�WRS�RI�WKH�WDU�SLWV�D�IHZ�
\HDUV�DJR�ZDV��MXGJHG�E\�WKH�JURZWK�ULQJV�RQ�
VWXPSV������\HDUV�ROG�RQ�WKH�DYHUDJH�

&OXHV�IRU�WKH�DJH�RI�WKH�WDU�SURGXFWLRQ�
VLWH�XQGHU�GLVFXVVLRQ�FDQ�EH�IRXQG�IURP�WKH�
WKRURXJK�GHVFULSWLRQ�E\�$OLFH�0RRUD��ZKLFK�
LV�EDVHG�RQ�WKH�ÀHOGZRUN�RI�����²�����DQG�
FRQFHQWUDWHV� RQ� WKH� IRON� FXOWXUH� RI� WKH� YLO-
ODJHV� RI� 7DPPH�� 9HKHQGL� DQG� 1RRUPDD� LQ� 
WKH�VRXWKHUQ�SDUW�RI�WKH�5DQQX�SDULVK��0RR-
UD� ������� 7KH� LQKDELWDQWV� RI� WKH� YLOODJHV� 
EDFN�WKHQ�GLG�QRW�UHPHPEHU�WKDW�WDU�PDNLQJ� 
ZRXOG�KDYH�WDNHQ�SODFH�DQ\ZKHUH�HOVH�WKDQ�
LQ� WKH�3HWVHUL� IDUPVWHDG� LQ� WKH�5DQQDN�OD�
YLOODJH��$FFRUGLQJ�WR�VWRULHV��DQ�DERYHJURXQG� 
WDU�NLOQ�ZLWK�PHWDO�OLQLQJ�KDG�EHHQ�EXLOW�WKH� 
UH�LQ�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��0RR-
UD�������($�����������7KH�SRSXODWLRQ�RI�9H-
KHQGL�ZDV�QRW�RI� ORFDO�RULJLQ�EDFN�WKHQ��$OO�
WKH�IDUPVWHDGV�LQ�9HKHQGL�IHOO�LQWR�WKH�KDQGV�
RI� SHRSOH� IURP� WKH� ZHVWHUQ� EDQN� RI� /DNH�
9}UWVMlUY�IURP�9LOMDQGLPDD�GXULQJ�WKH�SURF-

HVV�RI�EX\LQJ�WKH�IDUPVWHDGV�IURP�WKH�PDQRUV�LQ�WKH�����V��7KH�SHDVDQWU\�RI�9HKHQGL�
ZDV�IRUFHG�WR�PRYH�HOVHZKHUH��0RRUD�������($�����������6LQFH�QRWKLQJ�ZDV�NQRZQ�RI�WDU�
SURGXFWLRQ�LQ�9HKHQGL�RU�WKH�QHLJKERXULQJ�YLOODJHV�LQ�WKH�PLGGOH�RI�WKH���WK�FHQWXU\��LW�
KDG�WR�WDNH�SODFH�EHIRUH�WKH�PLJUDWLRQ�RI�SHRSOH�LQ�WKH�����LHV��7KH�SHDVDQWU\�RI�9HKHQGL�
ZDV�IRUFHG�WR�PRYH�HOVHZKHUH��0RRUD�������($�����������6LQFH�QRWKLQJ�ZDV�NQRZQ�RI�WDU�
SURGXFWLRQ�LQ�9HKHQGL�RU�WKH�QHLJKERXULQJ�YLOODJHV�LQ�WKH�PLGGOH�RI�WKH���WK�FHQWXU\��LW�
KDG�WR�WDNH�SODFH�EHIRUH�WKH�PLJUDWLRQ�RI�SHRSOH�LQ�WKH�����LHV��0RVW�OLNHO\�WDU�ZDV�PDGH�
KHUH�LQ�WKH�ÀUVW�KDOI�RI�WKH���WK�RU�LQ�WKH���WK�FHQWXU\���

6LQFH�WKH�KROHV�VXUURXQGLQJ�WKH�WDU�SLWV�LQ�WKH�VWDWH�IRUHVW�RI�9HKHQGL�DSSDUHQWO\�
WXUQHG�RXW�WR�EH�WKH�H[WUDFWLRQ�KROHV�RI�VWXPSV�FRQQHFWHG�ZLWK�WDU�PDNLQJ��LW�LPSOLHV�
WKDW�RWKHU�JURXSV�RI�GHSUHVVLRQV�GLVFRYHUHG�LQ�WKH�IRUHVWV�RI�WKH�VRXWKHUQ�SDUW�RI�5DQQX�
SDULVK�DUH�DOVR�FRQQHFWHG�ZLWK�WDU�SURGXFWLRQ��)LJ�������,Q�DGGLWLRQ�WR�9HKHQGL��WKH�H[-
WUDFWLRQ�KROHV�RI�VWXPSV�FRXOG�EH�ORFDWHG�LQ�WKH�IRUHVWV�RI�WKH�QHLJKERXULQJ�YLOODJHV�RI�
5DQQDN�OD�LQ�WKH�VRXWK�DQG�9DOODSDOX�LQ�WKH�QRUWK��7KH�DSSHDUDQFH�RI�WKHVH�RWKHU�UH-
PDLQV�YLVLEOH�RQ�WKH�ODQGVFDSH�DQG�FRQQHFWHG�ZLWK�WDU�SURGXFWLRQ�LQ�WKH�UHVHDUFK�DUHD�
VXJJHVW� WKDW� WKH\�DUH�DSSUR[LPDWHO\�FRQWHPSRUDU\�ZLWK�WKH� WDU�SURGXFWLRQ� IDFLOLW\�RI�
9HKHQGL�
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CONCLUSION
7KH�SUHVHQW�3XXUPDQL�PXQLFLSDOLW\��KLVWRULFDOO\�NQRZQ�DV�.XUVL�3DULVK��KDV�SUREDEO\�
WKH�KLJKHVW�FRQFHQWUDWLRQ�RI�KLVWRULFDO�OLPHNLOQV�LQ�(VWRQLD��7KHVH�DUH�VLJQLÀFDQW�DUWH-
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SURGXFWLRQ�KDYH�HYHU�EHHQ�DUFKDHRORJLFDOO\�LQYHVWLJDWHG�LQ�(VWRQLD��ZH�VHW�WKH�IROORZLQJ�
JRDO�WR�WKH�H[FDYDWLRQV��WR�ÀQG�RXW�ZKDW�NLQG�RI�LQIRUPDWLRQ�FDQ�EH�REWDLQHG�IURP�WKH�
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SURGXFHG�KHUH�LQ�WKH��VW�KDOI�RI�WKH���WK�RU�LQ�WKH���WK�FHQWXU\�
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ORRGXVOLNX�WXUEDQL��9}LE�ROHWDGD��HW��NV�V|H��MD�OXE�
MDNLKL� SDDU� WlKLVWDE� �KWH� S}OHWXVNRUGD�� 3URÀLOLV�
ORHWOHWXG����NLKLSDDUL�QlLWDYDG��HW�DKMXV�RQ�OXSMD�
S}OHWDWXG�YlKHPDOW����NRUGD�

.}LJH�DOXPLQH�ORRGXVOLNXO�WXUEDO�SDLNQHY�V|HQH�
NLKW�VLVDOGDV�URKNHVWL�NDVHWRKWX��PLV�LOPVHOW�RQ�Sl-
ULW�N�WWHSXXGHVW��.RJXVLPH�WRKWX�UDGLRV�VLQLNGD-
WHHULQJX�MDRNV��3DUDNX�SROH� ODERULVVH�DQWXG�SURR-
YL�GDWHHULQJ�NlHVROHYD�DUWLNOL� WU�NNLPLVH�KHWNHNV�
YHHO�VHOJXQXG��

5DQQX�NLKHONRQQD�O}XQDRVDV�}QQHVWXV�DDVWDWHO�
����²����� PDDVWLNXLQVSHNWVLRRQLGHO� YlOMD� VHOJL-
WDGD� P}QHG� W}UYDS}OHWXVNRKDG�� PLOOHVW� 9HKHQGL�
N�OD�S}OGXGHVW�LGD�SRRO�ULLJLPHWVDV�SDLNQHY�NXXHVW�
W}UYDDXJXVW�NRRVQHY�NRPSOHNV�YDOLWL�DUKHRORRJLOL-
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.XQD�(HVWLV�SROH�YDQX�W}UYDDXNH�VHQL�XXULWXG�
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3lUDVW� PlWWDNLKL� HHPDOGDPLVW� SDOMDVWXV� ORKX�
VHLQWHO� MD� S}KMDV� V|HSXUXQH� OLLY�� .DHYDPLVHO� OHLWL�
ORKX�Q}OYDGHOW�S}OHQXG�WXNNLGH�MllQXVHLG��NXVMXX-
UHV� N}LN� WHUYHPDOW� VlLOLQXG� SXLGXMllQXVHG� SDLN-
QHVLG�Q}OYDGHO�S�VWLVHOW��VXXQDJD�ORKX�S}KMD�VXX-
QDV�� 7}UYD� S}OHWDPLVHNV� NDVXWDWXG� SXLGX� VHOOLQH�
SDLNQHPLQH� RQ�NLQGODNV� W}HQGLNV� VHOOHVW�� HW� WHJH� 
PLVW�RQ�W}UYDDXJX��PLWWH�V|HS}OHWDPLVHNV�NDVXWDWXG�
PLLOLDXJXJD�� 1LPHOW� SDLJXWDWL� W}UYDDXJXV� PlQQL� 
SXLGXVW�SLOSDG�VHOOLVHOW��HW�S}OHWXVH�NlLJXV�QHLVW�YlOMD�
YDOJXY�W}UY�DXJX�S}KMD��KWH�NRKWD�NRNNX�YDOJXNV� 
� � /DKWL�NDHYDWXQD�RVXWXV�W}UYDDXN����í���P�VXX-
UXVHNV��NXQL���P�V�JDYXVH�RYDDOVHNV�OHKWULNXMXOL-
VHNV�V�YHQGLNV��MQ���²�����6�YHQGL�S}KL�XODWXV�OXL-
WH�DOXVH�ORRGXVOLNX�VDYLOLLYDNLKLQL��PLV�ROL�S}OHQXG�

WlLHVWL� N}YDNV�� /LVDNV� S}OHQXG� WXNNLGH� DVHQGLOH�
RVXWDV�ND�PDDVVH�NDHYDWXG�V�YHQGL�OHKWHUMDV�NXMX�
VHOOHOH��HW�WHJHPLVW�RQ�MXVW�W}UYD�S}OHWDPLVH�NRKD��
PLWWH�V|H�S}OHWDPLVHNV�NDVXWDWXG�PLLOLDXJXJD��

$XJXVW�HL�OHLWXG�PLQJHLG�PlUNH�VHOOHVW��HW�DX-
JXV�S}OHWXVH�NlLJXV�YlOMD�YDOJXQXG�W}UY�ROHNV�MX-
KLWXG�UHQQL�Y}L�NDQDOL�DELO� W}UYDDXJX�N}UYDO�ROH-
YDVVH�V�YHQGLVVH��6HHJD�QlLE�ROHYDW�WHJHPLVW�N}LJH�
DOJHOLVHPDW�W��SL�W}UYDDXJXJD��NXV�W}UY�S}OHWXVH�
NlLJXV�YDOJXV�DXJX�S}KMDO�MD�HHPDOGDWL�VHDOW�DOOHV�
SlUDVW� S}OHWXVH� O}SSX�� $UYDWDYDVWL� NRJXQHV� W}UY�
DXJX�S}KMDV�ROQXG�SDWWD��

7}UYD� S}OHWDPLVHVW� W}UYDDXNXGHV� HKN� W}UYD-
KDXGDGHV�Y}LE�(HVWL����²����VDMDQGL�HWQRJUDDÀOLV-
WHVW�DOOLNDWHVW�OHLGD�YDLG�llUPLVHOW�YlKHVW�MD�HED-
PllUDVW�WHDYHW��7DYDOLVHOW�DHWL�W}UYD�RPD�WDUEHNV�
NXPPXOL�S||UDWXG�SDMD�DELO�MD�VXXUHPDWH�NRJXVWH�
VDDPLVHNV�PDDSHDOVHWHV�NLYLVW�DKMXGHV��PLOOHO�KLOL-
VHPDO�DMDO�ROL�PHWDOOLVW�VLVHRVD��7}UYD�S}OHWDPLQH�
W}UYDDXNXGHV�RQ�DJD�ROQXG�YlJD� ODLDOGDVHOW� OHYL-
QXG�6RRPHV����²����VDMDQGLO��6HDOMXXUHV�NRJXQHV�
6RRPH� YDQLPDW� W��SL� W}UYDDXNXGHV� W}UY� VDPD-
PRRGL�DXJX�S}KMDO�QDJX�9HKHQGLV�XXULWXG�DXJXV-
NL�� $ODWHV� ���� VDMDQGLVW� KDNDWL� VHDO� DXJX� S}KMDO�
NRJXQHYDW� W}UYD� VSHWVLDDOVH� SXLWUHQQL� DELO� DXJX�
N}UYDOH�MXKWLPD��NXV�VHH�RWVH�W�QQL�YDOJXV�

9HKHQGL� W}UYDKDXGDGH� U�KPD�NDKH� LGDSRROVH-
PD� W}UYDDXJX� �PEUXVNRQQDV�� PLWPHVDMD� PHHWUL�
UDDGLXVHV�� SDLNQHE� OLLYDOXLGHWHO� ULGDGHQD� PLWX-
N�PPHQG����²��P�OlELP}}GXJD�MD����²����P�V�JD� 
YXVW�ORKNX��6HOJLWDPDNV��PLOOHJD�RQ�WHJHPLVW��XXUL-
WL�������D�ND��KW�VHOOLVW������P�XXULWXG�W}UYDDXJXVW�
O}XQD� SRRO� SDLNQHYDW� ORKNX�� 6HOOH� OlELP}}W� HQQH�
XXULQJXLG�ROL�OLJLNDXGX�����P�MD�V�JDYXV���²���FP�� 
(W�VDDGD�ORKX�SURÀLO��NDHYDWL�ODKWL�ORKX�O}XQDSRRO-
QH�RVD��MQ������6HOJXV��HW�DXJXVW�YlOMD�NDHYDWXG�OLLY�
ROL� NXKMDWXG� DXJX� VHUYDOH� ULQJLNXMXOLVH� YDOOLQD��
PLOOH�N}UJXV�DOJVHVW�PDDSLQQDVW�ROL�NXQL����FP�MD�
ODLXV�NXQL�����P��9DOOL�DOO�ROL�VHOJHOW�MlOJLWDY�ORRGXV-
OLN�OHHWHNLKW��PLV�SDLNQHV�NROODVHO�OXLWHOLLYDO��MQ������
9DOOLDOXVHVW�OHHWHNLKLVW��WHLVLV}QX�DXJX�NDHYDPLVH�
DHJVHVW�PDDSLQQDVW�����FP�V�JDYDPDO�OlELV�XXUL�
WXG� V�YHQG� YHHO� �KWH� OHHWHNLKWL�� PLOOH� DOO� MlWNXV�
NROODNDV�OXLWHOLLY��$XJX�NDHYDPLVDHJVH�PDDSLQQD�
N}UJXVHOW�P}}GHWXQD�RQ�DXJX� OlELP}}W�ROQXG�YD-
KHWXOW�SlUDVW�VHOOH�NDHYDPLVW�XPEHV�����P��6�YHQG�
PXXWXV� V�JDYDPDO� NLWVDPDNV�� XODWXGHV� DOJVHVW�
PDDSLQQDVW������P�V�JDYXVHO�SDOMDVWXQXG�N}YD�VD-
YLVH�PRUHHQL�NLKLQL��6�WW�HJD�S}OHPLVMlOJL�DXJXVW�HL�
OHLWXG��$XJX�VXKWHOLVHOW�VXXUW�YDQXVW�QlLWDE�ND�DV-
MDROX��HW�OHHWHNLKW�ROL�M}XGQXG�WHNNLGD�ND�MXED�NLQQL��
YDULVHQXG�DXJX�S}KMDOH�QLQJ�DXNX��PEULWVHYDWHOH�
YDOOLGHOH�
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$UYHVWDGHV� DVMDROXJD�� HW� YlLNVHPDG� V�YHQGLG�
SDLNQHYDG�W}UYDDXNXGH��PEUXVHV�MD�HHPDO�DVXVWX-
VHVW��Y}LE�QHLG�VHRVWDGD�HHON}LJH� W}UYDWRRWPLVHJD��
7}UYDS}OHWDPLVH�WRRUDLQHQD�SHHWL�(HVWLV����²����VD� 
MDQGLO� N}LJH� VRELYDPDNV� OLJL� VDMD� DDVWD� YDQXVHNV�
NDVYDQXG� PlQGLGH� ��²��� DDVWDW� PDD� VHHV� VHLV-
QXG�NlQGH��1HQGH�YlOLVNLKW� ROL� M}XGQXG� MXED�lUD�
PlGDQHGD�� W}UY�DJD�NRJXQHGD�QHQGH�V�GDPLNNX��
.lQGXGH�MXXULPLVHO�HHOLVWDWL�MXVW�OLLYDVW�MD�NLYLGHWD�
PDDSLQGD��.lQG�NDHYDWL��PEHUW�ODKWL��UDLXWL� MXX-
UHG�NDWNL�MD�NDQJXWDWL��²��P�SLNNXVH�NXXVHSXXVW�
NDQJL� DELO� PDD� VHHVW� YlOMD�� .}LJH� W}HQlROLVHPDOW�
RQJL�9HKHQGL�W}UYDDXNXGH�MXXUHV�OLLYDOXLGHWHO� OHL-
GXYDLG�DUYXNDLG�YlLNVHPDG�V�YHQGLG�NlQQXMXXUL-
PLVHVW�MllQXG�DXJXG�

-lWNXYDOW� MllE�ROHWXVHNV�YDDGHOGDYD�W}UYDWRRW-
PLVNRKD�YDQXV��-XED�������D�VDDGXG�UDGLRV�VLQLN-
GDWHHULQJ�Q��G� ODKWL�NDHYDWXG� W}UYDDXJXVW�DQGLV�
WXOHPXVHNV��������UDGLRV�VLQLNXDDVWDW��NDOLEUHH-
ULWXQD�������W}HQlRVXVHJD�����²�����S.U���7}UYD�
RQ� VLLQ� WRRGHWXG� NLQGODVWL� HQQH� ���� VDMDQGLW�� VHVW�
W}UYDDXNXGH�SHDOW�P}QHG�DDVWDG�WDJDVL�ODQJHWDWXG�
PlQQLPHWV� ROL� NlQGXGH� DDVWDU}QJDVWH� S}KMDO� RW-
VXVWDGHV�NHVNPLVHOW�����DDVWDW�YDQD��

9LKMHLG� NLUMHOGDWDYD� W}UYDS}OHWXVNRKD� YDQXVH�
NRKWD�Y}LE�VDDGD�HWQRJUDDI�$OLFH�0RRUD�DDVWDWHO�
����²����� WHKWXG� YlOLW||GHOH� WXJLQHYDVW� 5DQQX�

NLKHNRQQD� O}XQDRVD� N�ODGH� 7DPPH�� 9HKHQGL� MD�
1RRUPDD� UDKYDNXOWXXUL� NlVLWOHYDVW� S}KMDOLNXVW�
NLUMHOGXVHVW�� 1LPHOW� HL�PlOHWDQXG� QHQGH� N�ODGH�
HODQLNXG�WROODO��HW�W}UYD�ROHNV�VLLQNDQGLV�S}OHWDWXG�
PXMDO��NXL�5DQQDN�OD�3HWVHUL� WDOXV��6LQQD�ROHYDW�
����VDMDQGL�DOJXVHV�HKLWDWXG�PDDSHDOQH�PHWDOONHV-
WDJD� W}UYDDKL�� 9HKHQGL� N�OD� WROODQH� UDKYDVWLN� HL�
ROQXG�DJD�NRKDOLNNX�SlULWROX��.}LN�9HKHQGL�WDOXG�
OlNVLG������� DDVWDWHO� WDOXGH�P}LVDOW� SlULVHNV� RVW-
PLVH�NlLJXV�9}UWVMlUYH�OllQHUDQQDOW�9LOMDQGLPDDOW�
SlULW�LQLPHVWH�NlWWH��9HKHQGLV�YDUHP�HODQXG�UDK-
YDV�SLGL�PXMDOH�NROLPD��.XQD�����VDMDQGL�NHVNSDL-
JDV�9HKHQGLV�HJD�QDDEHUN�ODGHV�NHHJL�W}UYDS}OHWD-
PLVHVW�PLGDJL�HL� WHDGQXG��SLGL�VHH�WRLPXPD�HQQH�
UDKYDVWLNXYDKHWXVW�������DDVWDWHO��.}LJH�W}HQlROL-
VHPDOW�YDOPLVWDWL�VLLQ�W}UYD�����VDMDQGL�,�SRROHO�Y}L�
����VDMDQGLO�

.XQD�9HKHQGL�PHWVDV�ROHYDLG� W}UYDDXNH��PE-
ULWVHYDG� ORKXG� RVXWXVLG� VXXUH� W}HQlRVXVHJD� NlQ-
QXMXXULPLVDXNXGHNV��Y}LPDOGDE�VHH�W}UYDS}OHWXVH-
JD�VHRVWDGD�ND�PXLG�5DQQX�NLKHONRQQD� O}XQDRVD�
PHWVDGHV�DYDVWDWXG�ORKNXGH�U�KPL��MQ������/LVDNV�
9HKHQGLOH� }QQHVWXV� NlQQXMXXULPLVDXNXGH� U�KPL�
OHLGD�O}XQDSRROVH�QDDEHUN�OD�5DQQDN�OD�QLQJ�S}K-
MDSRROVH�QDDEHUN�OD�9DOODSDOX�PHWVDGHV��9lOLPXVH�
MlUJL� RWVXVWDGHV� RQ� QHHG� 9HKHQGL� W}UYDWRRWPLV� 
NRKDJD�OLJLNDXGX�VDPDHDOLVHG�


