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INTRODUCTION
7KH�IRVVLO�ÀHOGV�DW�/RR�ZHUH�GLVFRYHUHG�LQ�WKH�FRXUVH�RI�D�ODQGVFDSH�VXUYH\�LQ�VSULQJ�
������/DQJ��������7KH�VXUYH\��ZDV�DFWXDWHG�E\�WKH�SODQ�WR�HVWDEOLVK�D�OLPHVWRQH�TXDU-
U\�LQ�WKH�DUHD�EHWZHHQ�D�ORFDO�PXQLFLSDOLW\�/RR�DQG�7DOOLQQ�²�1DUYD�PRWRUZD\��LQ�WKH�
WHUULWRU\�RI�/LLYDPlH�YLOODJH�LQ�-}HOlKWPH�FRPPXQLW\��,Q�VXPPHU�������WKH�PDSSLQJ�
RI�WKH�DUHD�DQG�H[FDYDWLRQ�RI�VRPH�RI�WKH�ÀHOG�UHPDLQV�ZDV�FDUULHG�RXW��7KH�SXUSRVH�RI�
WKH�SUHOLPLQDU\�DUFKDHRORJLFDO�LQYHVWLJDWLRQV�ZDV�WR�REWDLQ�PRUH�LQIRUPDWLRQ�UHJDUG-
LQJ�WKH�IROORZLQJ�TXHVWLRQV��KRZ�ODUJH�LV�WKH�DUHD�FRYHUHG�ZLWK�ÀHOG�UHPDLQV��ZKDW�DUH�
WKH�FKDUDFWHULVWLFV�RI�WKH�ÀHOG�V\VWHP��DQG�KRZ�ROG�PLJKW�WKHVH�IRVVLO�ÀHOGV�EH"�
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Fig. 1.   The plan of Loo fossil fields. Research zones nos. 
1–3, Proosa fossil fields (A) and Saha-Loo fossil 
fields (B).

Jn 1.      Loo fossiilsete põldude üldplaan. Uurimisalad 
1–3, Proosa muinaspõllud (A) ja Saha-Loo 
muinaspõllud (B). 

Drawing / Joonis: Helena Kaldre
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7KH�LQYHVWLJDWHG�ÀHOG�UHPDLQV�DUH�
VLWXDWHG�QRUWK�� QRUWK�HDVW� DQG� HDVW� RI�
WKH�3URRVD�IRVVLO�ÀHOGV��QR�������1���,W�LV�
WKH�VDPH�ODUJH�DOYDU�DUHD�ZHVW�RI�/DNH�
0DDUGX�� IDUWKHU� VRXWK�HDVW� RI� ZKLFK�
WKH�IRVVLO�ÀHOGV�RI�6DKD�/RR��QR���������
DUH�UHFRUGHG��)LJ������7KH�IRVVLO�ÀHOGV�RI�
3URRVD� ZHUH� LQYHVWLJDWHG� DUFKDHRORJL-
FDOO\� LQ� ����� �/DQJ� ����D�� DQG� DJDLQ�
LQ������ �/DQJ�	�/DQHPDQ��������7KH�
VXUYH\� VKRZHG� WKDW� WKH� EORFN�VKDSHG�
ÀHOGV� KHUH� UHSUHVHQW� WKH� VR�FDOOHG�
&HOWLF�ÀHOGV�DQG�DUH�GDWHG�WR�D�SHULRG�
IURP�WKH��WK²�WK�%&�WR�WKH��VW�FHQWXU\�
$'�� ,Q� 6DKD�/RR� WKH� VR�FDOOHG� %DOWLF�
ÀHOGV�LQYHVWLJDWHG�LQ�����²������/DQJ�
����D��/DQJ�����E��DQG�������/DQJ�et 
al��������DUH�VRPHZKDW�ROGHU��WKH�HDU� 
OLHVW� GDWHV� DUH� IURP� WKH� ODVW� TXDUWHU� 
RI�WKH��QG�PLOOHQQLXP�%&��

7KH�PDSSLQJ�RI�WKH�DUHD�FRQÀUPHG�
WKDW��UHVHDUFK�VKRXOG�EH�FDUULHG�RXW�LQ�
WKUHH�]RQHV��)LJ�����ZKLFK�ZHUH�DOUHD�
G\� GHWHUPLQHG� GXULQJ� WKH� ODQGVFDSH� 

0 400 m
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Fig. 2.   Research zones nos. 1 and 2.
Jn 2.     Uurimisalad 1 ja 2.
Drawing / Joonis: Helena Kaldre

VXUYH\�LQ�������$OWRJHWKHU�ÀYH�WUHQFK-
HV�ZHUH�PDGH� LQ� � WKH�ZKROH� UHVHDUFK�
DUHD� WR� LQYHVWLJDWH� WZR� EDXONV� DQG�
three clearDQFH� FDLUQV�� +RZHYHU�� WZR�
RI�WKH�FDLUQV��WUHQFKHV�,�DQG�,,��WXUQHG�
RXW�WR�EH�KHDSV�RI�VDQG�DQG�GHEULV��7ZR�
UDGLRFDUERQ� GDWHV� IURP� WKH� FKDUFRDO�
REWDLQHG� IURP� WKH� ORZHUPRVW� OD\HUV�
RI�WKH�FOHDUO\�GLVWLQJXLVKDEOH�ÀHOG�UH-
PDLQV� LQ� WKH� UHVHDUFK� ]RQHV� �� DQG� ��
VXJJHVW�WKDW�WKH�ÀHOG�V\VWHPV�KHUH�DUH�
DERXW������\HDUV�ROG�

MAPPING OF THE AREA
)RU�PDSSLQJ�WKH�DUHD���������Pï���D�
WRWDO� VWDWLRQ�7ULPEOH� ����� �VRIWZDUH�
7ULPEOH�6XUYH\�&RQWUROOHU�Y��������ZDV� 
XVHG�DQG�RQO\�DIWHU�WKH�PDSSLQJ�ZDV�
FRPSOHWH�� WKH� UHODWLYH� ]HUR�SRLQW� WR-
JHWKHU�ZLWK�WKH�UHODWLYH�HOHYDWLRQ�DQG�
RWKHU� DSSOLHG� UHIHUHQFH� SRLQWV� ZHUH�
OLQNHG�ZLWK�WKH�DEVROXWH�JHRJUDSKLFDO�
FRRUGLQDWHV�

7KH�IRVVLO�ÀHOG�UHPDLQV�LQ�UHVHDUFK� 
]RQHV�QRV����DQG����)LJ�����ZHUH�WUDQV-
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��7KH�LQWHUSRODWLRQ�PHWKRG�XVHG�ZDV�¶WULDQJXODU�ZLWK�VPRRWKLQJ·�

IHUUHG� WR� WKH�JHQHUDO�SODQ�E\�PDSSLQJ� WKH� HGJH�SRLQWV� RI� WKH�EDXONV�DQG� FOHDUDQFH�
FDLUQV�YLVLEOH�LQ�WKH�ODQGVFDSH�DQG�ODWHU�FRQQHFWLQJ�WKH�SRLQWV�ZLWK�WKH�FRPSXWHU�SUR-
JUDP�0DS,QIR�3URIHVVLRQDO������7KH�ORFDWLRQV�RI�RWKHU�QRWLFHDEOH�REMHFWV�RQ�WKH�ODQG-
VFDSH��VXFK�DV�ERXOGHUV��URDGV��ULGJHV��HWF��ZHUH�PDSSHG�LQ�D�VLPLODU�ZD\�

'XH�WR�KLJK�JURZLQJ�JUDVV� LQ�UHVHDUFK�]RQH�QR���� �)LJ������QRW�DOO�ÀHOG�UHPDLQV�
ZHUH�YLVLEOH�RQ�WKH�ODQGVFDSH��WKXV�D�GLIIHUHQW�PHWKRGRORJ\�ZDV�XVHG�KHUH��7KH�WHU-
UDLQ�UHOLHIV�ZHUH�UHFRUGHG�ZLWK�D�WRWDO�VWDWLRQ�E\�WDNLQJ�WKRXVDQGV�RI�HOHYDWLRQ�UHDG-
LQJV�DFURVV�WKH�ZKROH�DUHD��$�VLPLODU�PHWKRGRORJ\�IRU�LQYHVWLJDWLQJ�ÀHOG�UHPDLQV�KDG�
EHHQ�SUHYLRXVO\�DSSOLHG�DW�6DKD�/RR�LQ�������/DQJ�et al.������������DQG�DW�3URRVD�
LQ�������/DQJ�	�/DQHPDQ��������,Q�WKHVH�FDVHV��WKH�ÀHOG�DUHDV�ZHUH�PDSSHG�XVLQJ� 
D�VXUYH\RU·V�OHYHO�DQG�E\�WDNLQJ�PHDVXUHPHQWV�DFFRUGLQJ�WR�D�UHJXODU�UHFWDQJXODU�JULG�
RI���P�VWHSV�� ,Q�/RR�� WKH�PHDVXUHPHQWV�ZHUH�PRUH� LUUHJXODU�� IROORZLQJ�WKH�SULQFLSOH�
WKDW�PRUH� UHDGLQJV� VKRXOG� EH� WDNHQ� LQ� DUHDV� RI� KLJKHU� WHUUDLQ� HOHYDWLRQ� YDULDELOLW\�
�IRU�WKH�PHWKRG��VHH�7YDXUL�	�6DLPUH�������������7KH�FROOHFWHG�GDWD�ZDV�SURFHVVHG�E\� 
D�FRPSXWHU�SURJUDP�9HUWLFDO�0DSSHU�9���LQ�RUGHU�WR�LQWHUSRODWH��HOHYDWLRQV�EHWZHHQ�
WKH�PHDVXUHG�SRLQWV��%DVHG�RQ�QRWHV�WDNHQ�RQ�WKH�ÀHOG��QRW�DOO�HOHYDWLRQ�SRLQWV�ZHUH�LQ-
FRUSRUDWHG�WR�WKH�DQDO\VLV�LQ�RUGHU�WR�EHWWHU�UHÁHFW�WKH�VWUXFWXUH�RI�WKH�ÀHOGV�WKHPVHOYHV�
�LQVWHDG�RI� WKH�KROHV�DQG�WXUIV�RI�D�PRUH�PRGHUQ�RULJLQ���7KH�PDSV�ZHUH�FRPSOHWHG� 
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LQ�IRXU�VHFWLRQV�� LQ�EHWZHHQ�WKH�VHFWLRQV�OLHG�ODUJHU�RU�VPDOOHU�DUHDV�ZLWKRXW�YLVLEOH�
ÀHOG�UHPDLQV��&RQWRXU�OLQHV�DUH�SUHVHQWHG�RQ�WKH�SODQV�ZLWK�D���FP�LQWHUYDO��VR�WKDW�WKH�
UHODWLYHO\�ORZ�IRVVLO�ÀHOG�UHPDLQV�ZRXOG�EH�EURXJKW�IRUWK�DV�SUHFLVHO\�DV�SRVVLEOH�

THE RESULTS OF INVESTIGATIONS
Research zone no. 1

$OWKRXJK�UHVHDUFK�]RQH�QR�����)LJ�����OLHG�RXWVLGH�WKH�ERUGHUV�RI�WKH�SURSRVHG�VWULS�
PLQH��LW�ZDV�VWLOO�GHFLGHG�WR�PDS�WKH�IRVVLO�ÀHOG�UHPDLQV�DQG�PDNH�D�WUHQFK�WKHUH�IRU�
LQLWLDO�LQVSHFWLRQ�DQG�ODWHU�FRPSDULVRQ��7KH�UHVHDUFK�]RQH�OLHV�GLUHFWO\�QRUWK�RI�WKH�SUR-
WHFWHG�3URRVD�ÀHOGV��SDUWO\�RYHUODSSLQJ�ZLWK�WKH�SURWHFWLYH�]RQH�RI�WKH�DIRUHPHQWLRQHG�
DQG�ORFDWHG�RQ�WKH�VDPH�QRUWK�²�VRXWK�RULHQWHG�ULGJH��7R�WKH�QRUWK�DQG�QRUWK�HDVW�OLHV�
ZRRGODQG�ZLWK�QR�ÀHOG�UHPDLQV��DOWKRXJK�FOHDUDQFH�FDLUQV�ZHUH�SUHVHQW�PRUH�QRUWK�
ZHVW� DQG�QRUWK�QRUWKZHVW�� EXW�ZHUH�QRW�PDSSHG�GXH� WR� WKHLU� SRRU� YLVLELOLW\� RQ� WKH�
ODQGVFDSH��7R�WKH�ZHVW�RI�WKH�UHVHDUFK�]RQH�QR�����WKH�UHPRYDO�RI�WRSVRLO�LQ�WKH�SUHYLRXV�
FHQWXU\�KDG�FKDQJHG�WKH�WHUUDLQ��VR�WKDW�DQ\�IRVVLO�ÀHOG�UHPDLQV�WKDW�PLJKW�KDYH�H[-
LVWHG�WKHUH�RQFH��KDG�QRW�SUHVHUYHG��7KH�WRWDO�H[WHQW�RI�WKH�PDSSHG�DUHD�KHUH�VWUHWFKHG�
���P�QRUWK�²�VRXWK�DQG����P�HDVW�²�ZHVW�

$OWRJHWKHU����FOHDUDQFH�FDLUQV��RQH�RI�ZKLFK�²�WUHQFK�,�²�WXUQHG�RXW�WR�EH�D�KHDS�
RI�GHEULV��SLOHG�WRJHWKHU�LQ�WKH�UHFHQW�SDVW��DQG�WZR�VHJPHQWV�RI�EDXONV�ZHUH�PDSSHG��
7KH�DYHUDJH�GLDPHWHU�RI�WKH�FOHDUDQFH�FDLUQV�DQG�WKH�ZLGWK�RI�WKH�EDXONV�ZDV��²��P��
2QH�LQFRPSOHWH�EDXON�VHJPHQW�ZDV���P�LQ�OHQJWK��ZKLOH�DQRWKHU�ZDV�DOPRVW�LQWDFW�DQG�
VWUHWFKHG����P�IURP�HDVW�WR�ZHVW��$Q\�ÀHOG�SORWV�ZHUH�GLIÀFXOW�WR�GLVWLQJXLVK�GXULQJ�
WKH�LQYHVWLJDWLRQ��7KLV�ZDV�EHFDXVH�RI�WKH�UHODWLYHO\�VPDOO�VL]H�RI�WKH�LQYHVWLJDWHG�DUHD��
EXW�DOVR�GXH�WR�WKH�LQDELOLW\�WR�GLVWLQJXLVK�EHWZHHQ�DFWXDO�IRVVLO�ÀHOG�UHPDLQV�DQG�PRUH�
UHFHQW�KHDSV�SLOHG�XS�IURP�ROG�UXEEOH�RU�WRSVRLO��,Q�DGGLWLRQ�WR�WKH�FOHDUDQFH�FDLUQV�DQG�
EDXONV��D�SRVVLEOH�FXS�PDUNHG�VWRQH��GLVFRYHUHG�IURP�WKH�VRXWKHUQ�SDUW�RI�WKH�UHVHDUFK�
]RQH�GXULQJ�WKH�ODQGVFDSH�VXUYH\�LQ������DQG�VKRZLQJ�DW�OHDVW�WZR�RU�WKUHH�GHSUHV-
VLRQV�WKDW�VHHPHG�PDQ�PDGH��ZDV�PDSSHG�

Research zone no. 2
5HVHDUFK� ]RQH�QR�� �� �)LJ�� ��� OLHV�DERXW����P�VRXWK�HDVW� IURP� WKH�SUHYLRXV� UHVHDUFK�
]RQH��RQ�WKH�RWKHU�VLGH�RI�WKH�KLJKHU�ULGJH�DQG�WR�WKH�HDVW�RI�WKH�SURWHFWHG�3URRVD�IRVVLO�
ÀHOGV��)URP�WKH�QRUWK�LW�LV�ERUGHUHG�E\�ZRRGODQG��ZKHUHDV�WKH�VRLO�LQ�WKH�DUHD�EHWZHHQ�
WKH�ZRRGODQG�DQG�WKH�ÀHOG�UHPDLQV�ZDV�GLVWXUEHG�DQG�DW�SODFHV�HYHQ�VWULSSHG�GRZQ�WR� 
WKH� OLPHVWRQH� EHGURFN�� )URP� WKH� VRXWK� WKH� UHVHDUFK� ]RQH�ZDV� OLQHG�ZLWK�ZDU�WLPH�
WUHQFKHV��WKH�FRQVWUXFWLRQ�RI�ZKLFK�KDG�DOVR�GLVUXSWHG�WKH�VRLO��7R�WKH�HDVW�OLHV�D�ORZHU�
DQG�GDPSHU�DUHD��PRVW�OLNHO\�D�ORFDWLRQ�RI�D�IRUPHU�ZDWHU�ERG\��&RPSDUHG�WR�WKH�SUH-
YLRXV� UHVHDUFK� ]RQH� DQG� WKH�3URRVD� IRVVLO� ÀHOGV�� UHVHDUFK� ]RQH� ��ZDV� VLWXDWHG� LQ� D�
UHODWLYHO\�VKDOORZHU�DQG�GDPSHU�JURXQG�ZKLFK�EHFDPH�HYHQ�ORZHU�WRZDUG�ZHVW�DQG�
VRXWK�HDVW��7KH�PD[LPDO�H[WHQW�RI�WKH�PDSSHG�DUHD�ZDV�����P�QRUWK�²�VRXWK������P�
HDVW�²�ZHVW�DQG�XS�WR�����P�QRUWK�HDVW�²�VRXWK�ZHVW��7KH�RYHUDOO�OHYHO�RI�VRLO�GLVWXU-
EDQFH�E\�YDULRXV�IDFWRUV�PDGH�WKH�PDSSLQJ�RI�WKLV�DUHD�DQG�WKH�ODWHU�LQWHUSUHWDWLRQ�RI�
WKH�UHVXOWV�GLIÀFXOW�

7KH�PDLQ� IRVVLO� ÀHOG� UHPDLQV�DW� UHVHDUFK� ]RQH�QR�� ��ZHUH� FOHDUDQFH� FDLUQV�� ,Q�
WRWDO����KHDSV��VLWXDWHG�LQ�FORVH�SUR[LPLW\��ZHUH�PDSSHG��7KH�DUHD�DOVR�FRQWDLQHG����



��

+(/(1$�.$/'5(��h//(�$*85$,8-$�DQG�/,,6�/,9,1

Fig. 3.   The uppermost stone layer in trench III.
Jn 3.     Pealmine kivikiht III kaevandis.
Photo / Foto: Ülle Aguraiuja 

EDXONV�RU�VHJPHQWV�RI�EDXONV��7KH�DYH� 
UDJH�GLDPHWHU�RI�WKH�FOHDUDQFH�FDLUQV�
IHOO� EHWZHHQ� �²�� P�� DOWKRXJK� ODUJHU�
KHDSV�DOVR�RFFXUUHG��7KH�ZLGWK�RI�WKH� 
EDXONV�ZDV��²��P�DQG�WKH\�ZHUH�PRVW-
O\���²���P�LQ�OHQJWK�

$OWRJHWKHU�WKUHH�WUHQFKHV��,,�²�,9��
ZHUH�PDGH�LQ�UHVHDUFK�DUHD�QR�����1RW�
DOO�RI�WKH�PDSSHG�FOHDUDQFH�FDLUQV�DQG�
SRVVLEO\�VRPH�EDXONV�FRXOG�EH�LGHQWL-
ÀHG�DV�DFWXDO�IRVVLO�ÀHOG�UHPDLQV�ZLWK�
FHUWDLQW\�� )RU� H[DPSOH�� D� SUHVXPHG�
FOHDUDQFH�FDLUQ��WUHQFK�,,��WXUQHG�RXW�
WR�EH�D�KHDS�RI�VDQG��SUREDEO\�HUHFWHG�
LQ�WKH�UHFHQW�SDVW�EHFDXVH�RI�WKH�H[LVW-
HQFH�RI�D�EOXH�ZLUH�IURP�WKH�ODVW�FHQ-

WXU\�UXQQLQJ�EHQHDWK�WKH�IRUPDWLRQ��)XUWKHU�VLPLODU�KHDSV�ZLWK�XQFHUWDLQ�RULJLQ�ZHUH�
QRWHG� LQ�WKLV�UHVHDUFK�]RQH��EXW�GXH�WR�WKH� OLPLWHG�WLPH�VFKHGXOH�RI� WKH�ÀHOG�ZRUN��QR�
VXUYH\V�WR�GLVWLQJXLVK�FOHDUDQFH�FDLUQV�IURP�KHDSV�RI�VDQG�RU�GHEULV�ZHUH�FDUULHG�RXW�

7UHQFK�,,,�ZDV�DQ�H[FDYDWLRQ�RI�D�FOHDUDQFH�FDLUQ�LQ�WKH�FORVH�YLFLQLW\�RI�WKH�KHDS�
RI�VDQG�ZKHUH�WUHQFK�,,�ZDV�PDGH��,W�ZDV�YLVLEOH�DV�D�KHDS����FP�LQ�KHLJKW�DQG�DSSUR[L-
PDWHO\��²��P�LQ�GLDPHWHU�ZLWK�VRPH�ELJJHU�VWRQHV�VWLFNLQJ�RXW�IURP�WKH�WXUI�OD\HU��7KH�
FDLUQ�ZDV�VOLJKWO\��RYDO�VKDSHG�LQ�D�VRXWK�HDVW�²�QRUWK�ZHVW�GLUHFWLRQ�DQG�LW�ZDV�GHFLGHG�
WR�H[FDYDWH�LW�ZLWKLQ�WKH�ERUGHUV�RI�D���í���P�WUHQFK��:KHQ�LW�ODWHU�EHFDPH�HYLGHQW�WKDW�
WKH�HGJHV�RI�WKH�FDLUQ�VWUHWFK�IXUWKHU�RXW�DW�WKH�ZHVWHUQ�VLGH��WKH�PHDVXUHPHQWV�RI�WKH�
WUHQFK�ZHUH�H[WHQGHG�WR���í���P��8QGHU�D�UHODWLYHO\�WKLQ�WXUI�OD\HU�WKH�ÀUVW�OD\HU�RI�VWRQHV�
ZDV�VRPHZKDW�XQHYHQ��,W�FRPSULVHG�HQWLUHO\�RI�OLPHVWRQH�VODEV��WKH�ELJJHVW�RI�WKHVH�KDG�
GLDPHWHUV�XS�WR����FP�DQG�ZHUH�PRVWO\�VLWXDWHG�DVODQW�DW�WKH�HGJHV�RI�WKH�FDLUQ��)LJ������
7KH�PDMRULW\�RI�VWRQHV�LQ�WKH�ÀUVW�OD\HU�ZHUH�DERXW���²���FP�LQ�GLDPHWHU��7KH�VRLO�
EHWZHHQ�WKH�VWRQHV�ZDV�PRVWO\�GDUN�EURZQ��EXW�WKHUH�ZHUH�SDWFKHV�RI�OLJKWHU��\HOORZLVK�
UXEEOH��7KH�ZHVWHUQ�SDUW�RI�WKH�FDLUQ�VHHPHG�WR�KDYH�KDG�H[SHULHQFHG�VRPH�ODWHU�GLVWXU-
EDQFH�VLQFH�ELJJHU�OLPHVWRQH�VODEV�VWUHWFKHG�PRUH�WKDQ���P�RYHU�WKH�RULJLQDO�HGJH�RI�WKH�
WUHQFK��/LPHVWRQH�EHGURFN�ZDV�UHYHDOHG�DW�DERXW����FP�IURP�WKH�WRS�RI�WKH�XWPRVW�OD\HU�
RI�VWRQHV�

7KH�FRQVHFXWLYH�VWRQH�OD\HUV�IROORZHG�WKH�SUHFHGLQJ�SDWWHUQ��1R�UHJXODULWLHV�FRXOG�
EH�REVHUYHG�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�FDLUQ�DQG�WKH�VWRQHV�ZHUH�VLWXDWHG�UHODWLYHO\�
VSDUVHO\��,Q�WKH�ERWWRP�OD\HUV��OLPHVWRQH�VODEV�RI�DERXW���²���FP�LQ�GLDPHWHU�GRPLQDWHG��
DOWKRXJK�VRPH�VPDOOHU�JUDQLWH�VWRQHV�ZHUH�DOVR�SUHVHQW��7KH�FRQVWUXFWLRQ�RI�WKH�FDLUQ�EH-
FDPH�PRUH�LQWHUUXSWHG�LQ�WKH�ZHVWHUQ�HGJH�DQG�LW�EHFDPH�HYLGHQW�WKDW�WKLV�DUHD�KDG�EHHQ�
SXVKHG�DSDUW�DW�VRPH�SRLQW�ZKLFK�ZRXOG�H[SODLQ�WKH�HORQJDWHG�VKDSH�RI�WKH�FDLUQ��7KLV�LV�
DOVR�VXSSRUWHG�E\�WKH�IDFW�WKDW�DQRWKHU�SLHFH�RI�WKH�VDPH�EOXH�ZLUH��ÀUVW�HQFRXQWHUHG�LQ�
WUHQFK�,,��ZDV�XQFRYHUHG�IURP�WKDW�SDUW�RI�WKH�FDLUQ�EHWZHHQ�WKH�VWRQHV��7KH�VRLO�FRQWLQXHG�
WR�H[KLELW�WZR�YDULRXV�FRORUV��RQ�WKH�HGJHV�DQG�RQ�WKH�QRUWKHUQ�VLGH�WKH�VRLO�ZDV�GDUNHU��EXW�
LQ�WKH�FHQWHU�DQG�RQ�WKH�VRXWKHUQ�VLGH�LW�ZDV�\HOORZLVK�DQG�JUDYHO�OLNH��SUREDEO\�FDXVHG�
E\�HURGHG�VDQGVWRQH�RI�ZKLFK�PRUH�FRPSDFW�SLHFHV�ZHUH�SUHVHQW� LQ�WKH�ERWWRP�OD\HUV�� 
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Fig. 4.  The uppermost stone layer in trench IV.
Jn 4.     Pealmine kivikiht IV kaevandis. 
Photo / Foto: Liis Livin 

7KH� OLPHVWRQH� EHGURFN� ZDV� UHODWLYHO\�
XQHYHQ��VLWXDWHG�LQ�OD\HUV�DQG�DW�WLPHV�
GLVUXSWHG�DQG�FRYHUHG�ZLWK�FKDVPV��,Q�
WKH� HDVWHUQ� VLGH� RI� WKH� WUHQFK� D� UHOD-
WLYHO\�GHHS�KROH�ZDV�XQFRYHUHG� LQ� WKH�
EHGURFN�� ÀOOHG� ZLWK� \HOORZLVK� JUDYHO�
DQG� OLPHVWRQH� UXEEOH�� 7KH� UHDVRQ� RI�
WKLV�KROH�LV�XQNQRZQ�

$�ELJ�SDUW�RI�WKH�ÀQGLQJV�FRQVLVWHG�
RI�ERWDQLFDO�UHPDLQV�DQG�DQLPDO�ERQHV��
$�]RR�DUFKDHRORJLFDO�VWXG\��GHWHUPLQHG�
WKH�ERQHV�WR�EHORQJ�WR�RQH�FRZ��RQH�KRU�
VH�� RQH� SLJ� DQG� DW� OHDVW� WZR� VKHHS� RU�
JRDWV��7KH�VRLO�DERXW����FP�DERYH� WKH�
EHGURFN�ZDV�YHU\�GDUN�EODFN�DQG�SUH-
VHQWHG�QXPHURXV�VPDOO�FKDUFRDO�ÀQGV��
'XH�WR�WKH�VPDOO�VL]H�RI�FKDUFRDO�piec-
HV��RQO\�RQH�RI� WKHP�ZDV�VXLWDEOH� IRU�
UDGLRFDUERQ� GDWLQJ�� 7KLV� JDYH� DQ� HV-
WLPDWHG�DJH�RI���������%3� �FDO������
����²����� %&�� ����²����� %&�� FDO��
���� ����²����� %&�� ����²����� %&�� 
WR� WKLV� FDLUQ�� <HW� VRPH� RI� WKH� ÀQGV� 
IURP�WKLV�WUHQFK�VXSSRUW�D�ODWHU�WLPH�
RI� XVH�� IRU� H[DPSOH� VHYHUDO� SLHFHV� RI�
JOD]HG� SRWWHU\� DQG� SDUWV� RI� D� KRUVH-
VKRH��+RZHYHU�� WKH�QHZHU�ÀQGV�ZHUH�
SUHVHQW�DW�WKH�XSSHU�OD\HUV�ZKLOH�WKH�
FKDUFRDO� WKDW� SURGXFHG� WKH� UDGLRFDU-
ERQ�GDWH�RULJLQDWHG�IURP�WKH�VRLO�QHDU�
WKH�EHGURFN��

7UHQFK�,9�PHDVXULQJ���í���P�ZDV�PDGH�LQWR�D�ORZ�EDXON�WKDW�ZDV�DSSUR[LPDWHO\�
��P�ZLGH�DQG����P�ORQJ�DQG�ZDV�VLWXDWHG�LQ�WKH�QRUWK�HDVW�FRUQHU�RI�WKH�PLGGOH�SDUW�RI�
WKH�UHVHDUFK�DUHD�QR�����7KH�ODQGVFDSH�DURXQG�WKH�EDXON�ZDV�KHDYLO\�LQWHUUXSWHG�GXH�
WR�KXPDQ�DFWLYLW\��DW�SODFHV�WKH�VRLO�KDG�EHHQ�UHPRYHG�XS�WR�WKH�OLPHVWRQH�EHGURFN��
7KLV�DOVR�FRPSOLFDWHG�WKH�VXFFHVVIXO�GLIIHUHQWLDWLRQ�RI�KHDSV�IRUPHG�LQ�WKH�UHFHQW�SDVW�
IURP�DFWXDO�IRVVLO�ÀHOG�UHPDLQV�

$IWHU�UHPRYLQJ�WKH�WXUI��WKH�ÀUVW�OD\HU�ZDV�UHYHDOHG��ZKHUH�VWRQHV�ZHUH�VLWXDWHG�
TXLWH�VSDUVHO\��)LJ������7KH�OLPHVWRQH�EHGURFN�ZDV�DOUHDG\�H[SRVHG�IURP�ERWK�VLGHV�RI�
WKH�EDXON�DW�D�ZLGWK�RI�DERXW���P��7KH�DUHD�LQ�WKH�WUHQFK�WKDW�FRQVLVWHG�RI�OLPHVWRQH�
ZDV�DERXW���P�ZLGH��EXW�FRQVLGHULQJ�WKDW�WKH�EDXON�KDG�SUREDEO\�VOXPSHG�WR�VRPH�

��$OO�WKH�DQLPDO�ERQHV�IRXQG�LQ�WUHQFKHV�,,,²,9�ZHUH�GHWHUPLQHG�E\�(YH�5DQQDPlH��7h��
��%HWD��������
��7h��������²���
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H[WHQW�LQ�WLPH��LW�LV�SUHVXPDEOH�WKDW�LW�KDG�LQLWLDOO\�EHHQ�QDUURZHU��7KH�WRS�OD\HU�FRQ-
VLVWHG�RI���ODUJHU�OLPHVWRQH�VODEV�WKDW�ZHUH�TXLWH�REODWH�DQG�VPDOOHU�IULDEOH�VODEV�WKDW�
ZHUH�VLWXDWHG�QHDU�WKH�ODUJHU�RQHV��7KH�VWRQHV�ZHUH�UDWKHU�PL[HG�DQG�WKH�VRLO�EHWZHHQ�
WKHP�OLJKW�EURZQ�ZLWK�D�WRQH�RI�\HOORZ��:KLOH�FOHDQLQJ�RXW�WKH�VWRQHV��DQLPDO�WHHWK�
EHORQJLQJ�WR�D�VKHHS�RU�D�JRDW�ZHUH�IRXQG�XQGHU�D�OLPHVWRQH�VODE�

7KH�VHFRQG�VWRQH�OD\HU�FRQVLVWHG�RQO\�RI�OLPHVWRQH�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�
VWRQHV�UHPDLQHG�RQ�WKH���P�ZLGH�DUHD�LQ�WKH�PLGGOH�RI�WKH�WUHQFK��+HUH�DOVR�WKH�OLPH-
VWRQH�VODEV�ZHUH�QRW�VLWXDWHG�FRPSDFWO\�DQG�WKH�FRORU�RI�WKH�VRLO�UHPDLQHG�OLJKWHU�EURZQ��
DOWKRXJK�GHHSHU�GRZQ�LW�VRRQ�VWDUWHG�WXUQLQJ�GDUNHU��7KH�OLJKWHU�EURZQ�VRLO�LQ�WKH�PLG-
GOH�RI�WKH�WUHQFK�DOVR�LQFOXGHG�VRPH�VPDOO�FKDUFRDO�SLHFHV��7ZR�DQLPDO�ERQH�IUDJPHQWV��
DOVR�EHORQJLQJ�WR�D�VKHHS�JRDW�XQGHU�D�OLPHVWRQH�VODE�ZHUH�IRXQG�ZKLOH�FOHDQLQJ�WKH�
VWRQHV�IURP�VRLO��7KH�ERWWRP�VRLO�ZDV�GDUNHU��HYHQ�EODFNLVK�DW�WLPHV��DOWKRXJK�RUDQJH�
EORWFKHV�ZHUH�IRXQG�VSRUDGLFDOO\�LQ�WKH�VRLO�MXVW�D�OLWWOH�DERYH�WKH�EHGURFN��*UHDW�GLIIHU-
HQFHV�LQ�HOHYDWLRQ�ZHUH�GHWHFWHG�FRPSDULQJ�WKH�EHGURFN�LQ�WKH�WUHQFK·V�HGJHV�WR�WKH�RQH�
XQGHU�WKH�EDXON��WKH�ODWWHU�ZDV�PXFK�ORZHU��&KDUUHG�ERWDQLFDO�UHPDLQV�ZHUH�IRXQG�RQ�
DQG�ODWHU�XQGHU�WKH�OLPHVWRQH�EHGURFN��&KDUFRDO�SLHFHV�ZHUH�IRXQG�DERXW���FP�ORZHU�
IURP�WKH�FRPSDFW�OLPHVWRQH�EHGURFN��&KDUFRDO�ZDV�DOVR�SUHVHQW�LQ�PDQ\�ORFDWLRQV�RQ�
WKH�H[SRVHG�EHGURFN�DQG�ZDV�XVHG�IRU�D�UDGLRFDUERQ�DQDO\VLV�ZKLFK�ZDV�GDWHG�WR�WKH�
SUHVHQW�GD\��,W�LV�SUREDEOH�WKDW�WKH�VDPSOH�ZDV�FRQWDPLQDWHG�DQG�WKXV�D�QHZ�DQDO\VLV�
VKRXOG�EH�PDGH�LQ�WKH�IXWXUH�

Research zone no. 3
5HVHDUFK�]RQH�QR�����)LJ�����ZDV�ORFDWHG�DERXW�����P�QRUWK�HDVW�IURP�WKH�SUHYLRXV�UH-
VHDUFK�]RQH��ZKHUHDV�WKHUH�ZDV�DQ�H[WHQVLYH�ORZHU�DUHD�EHWZHHQ�WKH�WZR�]RQHV��ZKHUH�
QR�IRVVLO�ÀHOG�UHPDLQV�ZHUH�SRVVLEOH�WR�LGHQWLI\��$W�VRPH�SODFHV�WKH�WRSVRLO�KDG�EHHQ�UH-
PRYHG�DOO�WKH�ZD\�GRZQ�WR�WKH�OLPHVWRQH�EHGURFN��ZKLFK�FRXOG�H[SODLQ�WKH�ODFN�RI�ÀHOG�
UHPDLQV��(TXDOO\��WKLV�VKDOORZHU�DQG�GDPSHU�DUHD�PLJKW�KDYH�QHYHU�EHHQ�FXOWLYDWHG�
LQ�WKH�ÀUVW�SODFH��$�VZDPS\�DUHD��PRVW� OLNHO\�D� IRUPHU�ZDWHU�ERG\��ZDV�VLWXDWHG�WR�
WKH�VRXWK�ZHVW�RI�WKH�UHVHDUFK�]RQH��)URP�WKH�QRUWK��QRUWK�HDVW�DQG�HDVW�WKH�DUHD�ZDV�
ERUGHUHG�E\�D�URDG�OHDGLQJ�IURP�WKH�7DOOLQQ�²�1DUYD�PRWRUZD\�WR�WKH�QHZ�/LLYDPlH�
YLOODJH��)URP�WKH�ZHVW�DQG�QRUWK�ZHVW�WKH�UHVHDUFK�]RQH�ZDV�OLQHG�E\�ZRRGODQG��ZKHUH�
WKH�RULJLQDO�ODQGVFDSH�KDG�EHHQ�GLVWXUEHG�E\�SODQWLQJ�WKH�IRUHVW��7KH�VRXWK�HDVWHUQ�
ERUGHU�LV�DOVR�WKH�ERUGHU�RI�WKH�WRWDO�DUHD�FRYHUHG�ZLWK�IRVVLO�ÀHOG�UHPDLQV��VLQFH�QR�
IXUWKHU�FOHDUDQFH�FDLUQV��EDXONV�RU�EDVHV�RI�VWRQH�IHQFHV�ZHUH�GLVFRYHUHG�VRXWK�RI�WKLV�
ERXQGDU\��7KH�PDSSHG�DUHD�H[WHQGHG�XS�WR�����P�QRUWK�²�VRXWK�DQG�����P�HDVW�²�
ZHVW�

,Q�WKH�DUHD�QRUWK�RI�WKH�URDG�OHDGLQJ�WR�/LLYDPlH�YLOODJH�DQG�VRXWK�RI�WKH�7DOOLQQ�²� 
1DUYD�PRWRUZD\��VSDUVHO\�ORFDWHG�IRVVLO�ÀHOG�UHPDLQV�ZHUH�GLVFRYHUHG�GXULQJ�WKH�ODQG-
VFDSH�VXUYH\�LQ�������7KHVH�LQFOXGHG�VLQJOH�FDLUQV�DQG�RQH�ERWWRP�RI�D�VWRQH�IHQFH��
%HFDXVH�RI�WKH�OXVK�PLGVXPPHU�YHJHWDWLRQ��RQO\�IHZ�ÀHOG�UHPDLQV�ZHUH�LGHQWLÀDEOH�
DQG�LW�ZDV�DOVR�HYLGHQW�WKDW�WKH�VRLO�KDG�EHHQ�JUHDWO\�GLVWXUEHG�KHUH��:LWK�LQFUHDVLQJ�
WLPH�VKRUWDJH��LW�ZDV�GHFLGHG�QRW�WR�PDS�WKLV�DUHD�EHWZHHQ�WKH�WZR�URDGV�IRU�WKH�WLPH�
EHLQJ�

,Q�WKH�ORZHU��ZHVWHUQ�SDUW�RI�WKH�UHVHDUFK�]RQH��WKHUH�ZHUH�FDLUQV�WKDW�ZHUH��PRVW�
FHUWDLQO\�HUHFWHG�GXULQJ�ODQG�FXOWLYDWLRQ��EXW�QR�ÀHOG�SORWV�VXUURXQGHG�E\�EDXONV�ZHUH�
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Fig. 5.  Research zone no. 3.
Jn 5.    Uurimisala 3.
Drawing / Joonis: Helena Kaldre
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Fig. 6.   The second stone layer in trench V. 
Jn 6.     Teine kivikiht V kaevandis.
Photo / Foto: Liis Livin 

YLVLEOH�� 2Q� WKH� RWKHU� KDQG�� GLVWLQFW�
ÀHOG� SORWV� ZLWK� DVVRFLDWHG� FOHDUDQFH�
FDLUQV�� ORZ� EDXONV� �LQWR� RQH� RI�ZKLFK�
WUHQFK�9�ZDV�PDGH��DQG� VHJPHQWV� RI�
EDXONV�HPHUJHG�LQ�WKH�FHQWUDO�SDUW�RI� 
WKH� UHVHDUFK� ]RQH�� $W� OHDVW� ��� ÀHOG�
SORWV� ZLWK� DQ� DYHUDJH� VL]H� RI� ����Pï�
FRXOG�EH�GLVWLQJXLVKHG�LQ�WKDW�DUHD��,Q�
WKH�KLJKHU��PRUH�HDVWHUQ�VHFWLRQ�RI�WKH�
UHVHDUFK�]RQH��WKH�IRVVLO�ÀHOG�UHPDLQV�
ZHUH�VLWXDWHG�DV�IUDJPHQWDU\�DV�LQ�WKH�
ZHVWHUQ�VLGH�²�VHYHUDO�FDLUQV�DQG�VROL-
WDU\�ÀHOG�SORWV� VXUURXQGHG�E\�EDXONV�
ZHUH�GHWHFWHG��EXW�DW�OHDVW�VRPH�RI�WKHP� 
KDYH�EHHQ�FUHDWHG�GXULQJ�ODWHU�ODQG�LP-
SURYHPHQW��,Q�DGGLWLRQ��WKH�]RQH�FRQ-
WDLQHG� VWDQGDORQH� IUDJPHQWV� RI� VWRQH�
IHQFHV� DQG� WKHLU� IRXQGDWLRQ� EDVHV�� RI�
ZKLFK�VRPH�FDQ�DOVR�EH�WKH�HYLGHQFH�RI�
PXFK�ODWHU�ODQG�XVH�

7UHQFK�9�ZDV�VLWXDWHG�LQ�WKH�PLG-
GOH�RI�WKH�UHVHDUFK�DUHD��7KH�WUHQFK����í���P�LQ�PHDVXUHPHQWV��ZDV�PDGH�LQWR�D�EDXON�
WKDW�ZDV�HDVLO\�UHFRJQL]DEOH�IURP�WKH�VXUURXQGLQJV�GHVSLWH�WKH�IDFW�WKDW�LW�ZDV�UDWKHU�
ORZ�����FP�IURP�WKH�JURXQG���8QGHU�D����FP�WKLFN�WXUI�OD\HU�WKHUH�ZDV�D�FRPSDFW�VWRQH�
OD\HU��PDLQO\� FRQVLVWLQJ� RI� OLPHVWRQH� VODEV�� 7KH� VWRQHV�ZHUH� SRVLWLRQHG� WLJKWO\� DQG�
KRUL]RQWDOO\�WRJHWKHU�� O\LQJ�RQ�DQG�XQGHU�RQH�DQRWKHU��7KH�ODUJHU� OLPHVWRQH�KDG�DQ�
DYHUDJH�GLDPHWHU�RI���²���FP�DQG�WKH�VPDOOHU�RQHV����FP��7KH�VRLO�EHWZHHQ�WKH�VWRQHV�
ZDV�GDUN�EURZQ�DQG�LQFOXGHG�FKDUFRDO�SLHFHV��:KLOH�FOHDQLQJ�WKH�ÀUVW�OD\HU�IURP�VRLO��
HYHQ�ELJJHU�OLPHVWRQH�VODEV�DSSHDUHG�LQ�WKH�QRUWK�HDVW�FRUQHU�RI�WKH�WUHQFK��&OHDQLQJ�
RXW�WKH�VHFRQG�OD\HU�RI�VWRQHV�LQ�WKH�WUHQFK�PRUH��FKDUFRDO�SLHFHV�ZHUH�IRXQG��)XUWKHU-
PRUH�WKH�VRLO�DOVR�LQFOXGHG�FKDUUHG�ERWDQLFDO�UHPDLQV��7KH�REODWH�OLPHVWRQH�VODEV�LQ�
WKH�VHFRQG�OD\HU�ZHUH�PRVWO\�SRVLWLRQHG�KRUL]RQWDOO\��)LJ������7KH�VRLO� LQ�WKH�VHFRQG�
OD\HU�UHPDLQHG�GDUN�EURZQ��,Q�WKLV�SKDVH�RI�WKH�H[FDYDWLRQ�WKH�OLPHVWRQH�EHGURFN�LQ�
WKH�QRUWK�ZHVW�VLGH�RI�WKH�WUHQFK�ZDV�DOUHDG\�FRPSOHWHO\�H[SRVHG��7KH�WKLUG�OD\HU�FRP-
SULVHG�RI�OLPHVWRQH�VODEV�SRVLWLRQHG�FRPSDFWO\�WRJHWKHU�DQG�WKH�FRORU�RI�WKH�VRLO�GLG�QRW�
GLIIHU�IURP�WKH�SUHYLRXV�OD\HUV��1HYHUWKHOHVV��D�FRQVLGHUDEO\�JUHDW�DPRXQW�RI�FKDU-
FRDO�SLHFHV�ZDV�IRXQG�IURP�WKH�VRLO��7KH�VWRQHV�LQ�WKH�WKLUG�OD\HU�ZHUH�VLWXDWHG�PDLQO\�
LQ�WKH�PLGGOH�SDUW�RI�WKH�WUHQFK��OLPHVWRQH�EHGURFN�KDG�DOUHDG\�EHHQ�UHDFKHG�LQ�WKH�
QRUWK�HDVW�DQG�VRXWK�ZHVW�VLGHV�RI�WKH�WUHQFK�LQ�D���PHWHU�ZLGH�UDQJH��7KH�OLPHVWRQH�
EHGURFN�LQ�WUHQFK�9�ZDV�HYHQ�DQG�FRPSULVHG�RI��²��ODUJHU�OLPHVWRQH�VODEV�WKDW�KDG�
IUDFWXUHG��7KH�FRORU�RI�WKH�VRLO�UHPDLQHG�PRUH�RU�OHVV�WKH�VDPH�LQ�WKH�FRXUVH�RI�H[FDYDW-
LQJ�DQG�QR�GLIIHUHQFHV�ZHUH�GHWHFWHG�E\�WKH�YLVXDO�REVHUYDWLRQ�RI�WKH�WUHQFK·V�SURÀOH��
DOWKRXJK�WKH�VRLO�VDPSOHV�ODWHU�GHPRQVWUDWHG��VRPH�VOLJKW�YDULDWLRQV�LQ�FRORUV�

6�%HWD��������
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7KH�ODVW�OD\HUV�SUHVHQWHG�D�VLPLODU�SDWWHUQ�LQ�WKH�VL]H�DQG�SODFHPHQW�RI�WKH�
VWRQHV��FRORU�RI�WKH�VRLO�DQG�WKH�ODUJH�DPRXQW�RI�FKDUFRDO�SUHVHQW��2QH�YHU\�FRPSDFW�
FKDUFRDO�EORWFK��GLDPHWHU���²���FP��ZDV�IRXQG�TXLWH�LQ�WKH�FRUQHU�RI�WKH�VRXWK�VLGH�RI�
WKH�WUHQFK��$�UDGLRFDUERQ�DQDO\VHV�ZDV�PDGH�IURP�D�VDPSOH�WDNHQ�IURP�WKLV�FKDUFRDO�
EORWFK�DQG�LW�UHYHDOHG�LWV�DJH�WR�EH���������%3��FDO����������²�����%&������²�����%&�� 
FDO����������²�����%&��6

DISCUSSION AND CONCLUSIONS
7KH�IRVVLO�ÀHOGV�LQ�/RR�FDQQRW�EH�UHJDUGHG�DV�WKH�PRVW�ZHOO�SUHVHUYHG�DQG�LQWDFW�RQHV�
LQ�(VWRQLD��7KH�ODQGVFDSH�KHUH�LV�PXFK�DOWHUHG�DQG�WKH�VRLO�SDUWO\�UHPRYHG��WKHUH�DUH�
DOVR�GDPDJHV� IURP� OLPHVWRQH�SLWV�DQG� WKH�DFWLYLW\� RI� WKH�SUHYLRXVO\�QHDUE\� ORFDWHG� 
6RYLHW�PLOLWDU\�EDVH��7KHUHE\�WKH�GLVWLQFWLRQ�RI�WKH�ÀHOG�UHPDLQV�IURP�WKH�UHFHQW�KHDSV�
DQG�EDXON�OLNH�IRUPDWLRQV�WXUQHG�RXW�WR�EH�WKH�ELJJHVW�FKDOOHQJH�DQG�DOPRVW�LPSRVVL-
EOH�WR�GLVWLQJXLVK�E\�YLVXDO�REVHUYDWLRQ��,W�ZDV�PRVW�GLIÀFXOW�ZLWK�WKH�KHDSV�RI��²��P�
LQ�GLDPHWHU�ZKLFK�ZHUH�PDSSHG�DV�SRVVLEOH�ÀHOG�UHPDLQV�GHVSLWH�WKH�IDFW�WKDW�GXULQJ�
H[FDYDWLRQV�WZR�RI�VXFK�FDLUQV�WXUQHG�RXW�WR�EH�SLOHG�XS�IURP�VDQG�DQG�GHEULV�LQ�WKH�
UHFHQW�SDVW��7KHUHIRUH�LW�KDV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�WKDW�VRPH�RI�WKH�PDSSHG�
ÀHOG�UHPDLQV�PLJKW�EH�VLPLODU�DQG�QRW�DVVRFLDWHG�ZLWK�IRVVLO�ÀHOGV�DW�DOO��

3UHVXSSRVLQJ�WKDW�PRVW�RI� WKH�FDLUQV� LQ�UHVHDUFK�]RQH�QR����ZHUH�HYROYHG� LQ�WKH�
FRXUVH�RI�DJULFXOWXUDO�SUDFWLFHV�� LW�PLJKW�EH�FRQFOXGHG�WKDW� WKH�ÀHOG�V\VWHP�KHUH� LV�D�
W\SLFDO�FOHDUDQFH�FDLUQ�ÀHOG��$� IDFW�VXSSRUWLQJ�WKDW�FRQFOXVLRQ� LV� WKH�UHODWLYHO\�GHQVH�
FRQFHQWUDWLRQ�RI�FOHDUDQFH�FDLUQV��7KH�V\VWHP��ZKLFK�KDV�EHHQ�LQ�XVH�IURP�SUHKLVWRU\�
XS�WR�WKH�0RGHUQ�7LPHV��LV�FKDUDFWHULVHG�E\�PRUH�RU�OHVV�LUUHJXODU�GLVWULEXWLRQ�RI�FOHDU-
DQFH�FDLUQV�RQ�WKH�ODQGVFDSH��,W�LV�QRW�FRPSOHWHO\�FHUWDLQ�\HW��ZKHUH�WKH�ÀHOG�SORWV�ZHUH�
ORFDWHG�LQVLGH�WKH�V\VWHP��EXW�LW�VHHPV�SODXVLEOH�WKDW�WKH�WLOOLQJ�WRRN�SODFH�LQ�EHWZHHQ�
WKH�FDLUQV��IRU�WKH�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKH�SRVVLEOH�VLWXDWLRQ�RI�DUDEOH�ÀHOG�SORWV�
�VHH�.DOGUH�������

6RPHWLPHV�WKH�FOHDUDQFH�FDLUQV�PLJKW�DJJUHJDWH�DQG�IRUP�OLQHV�DQG�VRPHWLPHV�
HYHQ�PHUJH�WR�IRUP�ÀHOG�SORWV��ERUGHUHG�DW�OHDVW�DW�VRPH�H[WHQW�ZLWK�EDXONV��7KH�DOLJQ-
PHQW�RI�WKH�FDLUQV�VHHPV�WR�RFFXU�DW�WLPHV�LQ�WKH�UHVHDUFK�DUHD�QR�����GHVSLWH�WKH�IDFW�
WKDW�WKH�V\VWHP�KHUH� LV�JHQHUDOO\�YHU\� LUUHJXODU��7KH�RYDO�VKDSHG�EDXON�OLNH�IRUPD-
WLRQV�PLJKW�KDYH�DOVR�EHHQ�HYROYHG�ZLWK�WKH�PHUJLQJ�RI�WKH�FDLUQV��EXW�WKLV��DORQJ�ZLWK�
WKH�SRVVLEOH�GXUDWLRQ�RI�WKH�ODQG�WLOOLQJ�LQ�WKH�SDUWLFXODU�SODFH�GLG�QRW�EHFRPH�FOHDU�
GXULQJ�WKH�LQYHVWLJDWLRQV��$�IXUWKHU�TXHVWLRQ�WKDW�PLJKW�DULVH�IURP�WKH�SUHFHGLQJ�UHD-
VRQLQJ�ZRXOG�EH�LI�WKH�MRLQLQJ�RI�WKH�FDLUQV�LQWR�EDXONV�DQG�WKHUHE\�WKH�HYROYLQJ�RI�WKH�
ÀHOG�SORWV�ZRXOG�QHFHVVDULO\�KDYH�WR�EH�WKH�QH[W�PRUSKRORJLFDO�VWHS�LQ�WKH�SURJUHVV�
DQG�GHYHORSPHQW�RI�ÀHOG�V\VWHPV��,W�LV�UDWKHU�GRXEWIXO��EHFDXVH��DV�DOUHDG\�PHQWLRQHG��
WKH�WLOOLQJ�RI�ODQG�LQ�WKH�IRUP�RI�FOHDUDQFH�FDLUQ�ÀHOG�V\VWHPV�ZLWK�QR�VSHFLDO�UHJXODU-
LW\�RU�GLVWLQJXLVKDEOH�ÀHOG�SORWV�LV�TXLWH�FRPPRQ��,Q�WKH�FDVH�RI�WKH�IRVVLO�ÀHOGV�LQ�WKH�
UHVHDUFK�]RQH�QR����LW�VHHPV�WR�EH�D�GLVWLQFWLYH�IHDWXUH�

,Q�WKH�PLGGOH�SDUW�RI�WKH�UHVHDUFK�DUHD�QR����WKH�ÀHOG�V\VWHP�FRQVLVWV�RI�VPDOO�ÀHOG�
SORWV��ERUGHUHG�ZLWK�ORZ�EDXONV�DQG�SDUWO\�RQO\�FDLUQV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�UH-
VHDUFK�DUHD�QR����LV�WKDW�KHUH�WKH�ÀHOG�SORWV�DUH�DOVR�WUDFHDEOH��%\�DSSHDUDQFH�DQG�SRVVL-
EOH�GHYHORSLQJ�SURFHVV��WKH�V\VWHP�UHVHPEOHV�WKH�DQFLHQW�ÀHOG�V\VWHPV��VLWXDWHG�IXUWKHU�
VRXWK�HDVW�DW�6DKD�/RR��D�QRUWK�ZHVWHUQ�SDUW�RI�ZKLFK�ZDV�PRUH�WKRURXJKO\�LQYHVWLJDWHG� 
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������ DDVWDO� WRLPXVLG� DUKHRORRJLOLVHG� XXULQJXG�
DDVWD� YDUHP� DYDVWDWXG� IRVVLLOVHWHO� S}OGXGHO�� PLO-
OH� DMHQGLNV� ROL� OXEMDNLYLNDUMllUL� NDYDQGDPLQH� 
/RR� DOHYLNXVW� S}KMD� SRRO��8XULQJXWH� HHVPlUJLNV�
ROL� S}OOXMllQXVWHJD� NDHWXG� DOD� SODDQLVWDPLQH� MD�
NDHYDPLQH� S}OGXGH� YDQXVH� NLQGODNVWHJHPLVHNV��
/RR�PXLQDVS}OOXG�DVXYDG�HHOURRPD�UDXDDHJVHWHVW�
3URRVD�PXLQDVS}OGXGHVW�YDKHWXOW�LGD�MD�NLUGH�SRROH�
MllYDO�OLJL��������Pï�VXXUXVHO�DODO��6HOOHVW�NDXJH-
PDOH� NDJX� SRROH� MllYDG� 6DKD�/RR� IRVVLLOVHG� S}O-
OXG��PLOOH�YDQLPDG�GDWHHULQJXG�XODWXYDG�YDQHPD�
SURQNVLDMD�O}SSX���MQ�����

/RR�S}OGXGH�SODDQLVWDPLVHO� YHHQGXWL� MXED� LQV-
SHNWVLRRQL�NlLJXV�HULVWDWXG�S}OOXMllQXVWH� MDJXQH-
PLVHV�NROPH�HULQHYDVVH�U�KPD��MQ�����8XULPLVDOD���
�MQ����SDLNQHV�3URRVD�S}OOXV�VWHHPLVW�YDKHWXOW�S}K-
MDV��RVDOLVHOW�VHOOH�NDLWVHWVRRQLJD�NDWWXGHV�QLQJ�VD-
PDO�N}UJHPDO�S}KMD�²�O}XQD�VXXQDOLVHO�VHOMDQGLNXO��
.RNNX�SODDQLVWDWL�VHDO����S}OOXNLYLKXQQLNXW�QLQJ�
NDNV�S}OOXSHHQUDMXSSL��.XQD��KWH�YlOLVWH�WXQQXVWH�
S}KMDO�S}OOXNLYLKXQQLNXW��NDHYDQG�,��NDHYDWHV�VHO-
JXV��HW�WHJHPLVW�RQ�KRRSLV�KLOMXWL�NRNNX�O�NDWXG�UX-
VXKXQQLNXJD��VLLV�Y}LE�ROHWDGD��HW�VXJXJL�PLWWH�N}LN�
SODDQLVWDWXG�NXKMDWLVWHVW�SROH�S}OOXMllQXVHG��

8XULPLVDOD� �� �MQ� ��� MlL� HHOPLVHVW� XPEHV� ���P�
NDJX�SRROH��SDLNQHGHV�N}UJHPDVW�VHOMDQGLNXVW�PD-
GDODPDO��0DDSLQGD� ROL� VLLQ� NRKDWL� �VQD� WXJHYDOW�
ULNXWXG��PLV�WHJL�SODDQLVWDPLVH�MD�KLOMHP�SODDQLGH�
W}OJHQGDPLVH�NHHUXOLVHNV��3ODDQLVWDWL����S}OOXNLYL-
KXQQLNXW�MD����SHHQDUW�Y}L�SHHQUDNDWNHW��.D�VLLQ�HL�
ROQXG�LOPVHOW�N}LNLGH�KXQQLNXWH�MD�Y}LPDOLN�HW�ND�
SHHQDUGH�SXKXO�WHJHPLVW�S}OOXMllQXVWHJD�²�QlLWHNV�
,,�NDHYDQG�QlLWDV��HW�WHJHPLVW�ROL�OLLYDKXQQLNXJD��
hKH� S}OOXNLYLKXQQLNX� �NDHYDQG� ,,,�� MQ� ��� DOXVHVW�
PXOODNLKLVW�OHLWXG�V|H�GDWHHULPLQH�DQGLV�YDQXVHNV�
�������� UDGLRV�VLQLNXDDVWDW�� NXLG� SHDOPLVWHVW�
NLKWLGHVW� VDDGL� KRRSLV� XXVDHJVHLG� OHLGH� �KREXVH-
UDXDNDWNHLG��JODVXXULWXG�NHUDDPLNDW�MD�NODDVLNLO-
GH���/lEL�S}OOXSHHQUD�UDMDWXG�NDHYDQGLVW�,9��MQ����
VDDGXG�SHHQUDDOXVH� V|H� GDWHHULQJ� ROL� OlKLPLQHYL-
NXVW��

8XULPLVDOD����MQ����MlL�HHOSRRO�PDLQLWXVW����XX-
ULPLVDODVW�X�����P�NLUGH�SRROH�MD�QHQGH�YDKHO�ROL�
�VQD�XODWXVOLN�S}OOXMllQXVWHWD�DOD��8XULPLVDOD�KL-
OLVHPDWH�PXOODW||GHJD�ULNXWXG�PDGDODPDV�OllQH-
SRROVHV�MD�N}UJHPDV�LGDSRROVHV�RVDV�ROL�S}OOXMllQX-
VHLG��VQD�YlKH��6HHYDVWX�DOD�NHVNRVDV�MRRQLVWXVLG�
S}OOXODSLG�QLQJ�QHLG��PEULWVHYDG� S}OOXNLYLKXQQL-

NXG��PDGDODG�SHHQUDG�QLQJ�SHHQUDNDWNHG� VHOJHOW�
YlOMD��.RNNX�Y}LV�HULVWDGD�YlKHPDOW����S}OOXODSSL��
PLOOH� NHVNPLQH� VXXUXV� MlL� N}LJHVW� ����Pï� SLLUHV-
VH��9DOGDYDOW�SDHNLYLGHVW�NRNNX�YLVDWXG�SHHQUDOH�
UDMDWXG� 9� NDHYDQGLVW� �MQ� ��� VDDGL� V|HGDWHHULQJ��
PLV�DQGLV�YDQXVHNV���������UDGLRV�VLQLNXDDVWDW�� 
8XULPLVDODO���ROL�QlKD�ND��NVLNXLG� MXSSH�NLYLDH-
GDGHVW� MD� NLYLDLDWDOGDGHVW�� PLV� RQ� YlOMDQlJHPLVH�
S}KMDO�VXKWHOLVHOW�KLOLVHG��

8XULPLVHO� ROL� �KHNV�N}LJH� VXXUHPDNV�SUREOHH-
PLNV�S}OOXMllQXVWH�HULVWDPLQH�KLOLVHPDO�DMDO�NRN-
NX�O�NDWXG�SLQQDVHKXQQLNXWHVW��.XL�VXXUHPDWH�MD�
HEDNRUUDSlUDVWH�KXQQLNXWH�SXKXO�Y}LV�ROOD�NLQGHO��
HW�QHHG�RQ�NXKMDWXG�OlKLPLQHYLNXV�QLQJ�QHLG�SODD-
QLOH�HL�NDQWXG��VLLV�WDYDSlUDVHG��²��P�OlELP}}GXJD�
NXKHOLNXG� SODDQLVWDWL� Y}LPDOLNH� S}OOXMllQXVWHQD��
.XQD�DJD�NDHYDWHV�RVXWXVLG�NDNV�ROHWDWDYDW�S}OOX-
NLYLKXQQLNXW�UXVX��MD�OLLYDKXQQLNXWHNV��VLLV�WXOHE�
VLOPDV�SLGDGD��HW�QLL�P}QHGNL�WHLVHG�HL�SUXXJL�ROOD�
VHRWXG�NXQDJLVH�S}OOXKDULPLVHJD��

9}WWHV�DOXVHNV�HHOGXVH��HW�VXXUHP�RVD�XXULPLV-
DODO���ROHYDLG�KXQQLNXLG�RQ�VLLVNL�WHNNLQXG�S}OOXKD-
ULPLVHJD��Y}LE�V�VWHHPL�SLGDGD�S}OOXNLYLKXQQLNXWH�
YlOMDNV�� 6HGD� V�VWHHPL�� PLV� RQ� ROQXG� NDVXWXVHO�
SURQNVLDMDVW�NXQL�XXVDMDQL�� LVHORRPXVWDE�S}OOXNL-
YLKXQQLNXWH� URKNHP� Y}L� YlKHP� HEDNRUUDSlUDQH�
SDLNQHPLQH�PDDVWLNXO��3}OOXNLYLKXQQLNXG�Y}LYDG� 
NRRQGXGD�ULGDGHVVH�QLQJ�VHHOlEL�PRRGXVWXGD�S}OOX-
ODSSH��NXLG�RQ�VHOOLVHLGNL�S}OOXNLYLKXQQLNXWH�YlOMX�� 
NXV�KXQQLNXG�SDLNQHYDG�NRRV�YlJD�WLKHGDOW�QLQJ� 
QlLOLVH�NRUUDSlUDWD��8XULPLVDODO���SODDQLVWDWXG�S}O� 
OXNLYLKXQQLNXWH� YlOL� QlLE� HVLQGDYDW� MXVW� YLLPDVW�
YDULDQWL��NXLJL�VLLQJL�Y}LV�WlKHOGDGD�RVDGH�KXQQLNX-
WH� ULGDGHVVH�NRRQGXPLVW��3}OOXNLYLKXQQLNXWH� YlO� 
MDGHOH�RQ�LVHORRPXOLN�ND�VHH��HW�SLNHPDDMDOLVH�S}O-
OXKDULPLVH� WXOHPXVHQD� Y}LVLG� KXQQLNXG� OLLWXGD�
O�KHPDWHNV� SHHQDUGHNV�� -XVW� VHOOLVHO�PRHO� Y}LVLG�
WHNNLGD�RYDDOVHG�SHHQUDODDGVHG�PRRGXVWLVHG�XXUL-
PLVDODO����hOGLVHOW�SROH�DJD�VLLQ�KXQQLNXWH�SDLNQH-
PLVH�S}KMDO�Y}LPDOLN�S}OOXODSSH�HULVWDGD��

8XULPLVDOD���NHVNRVDV�NRRVQHE�PDDKDULPLVV�V-
WHHP�YlLNHVWHVW�S}OOXODSSLGHVW��PLGD��PEULWVHYDG�
PDGDODG� SHHQUDG� MD� NRKDWL� YDLG� S}OOXNLYLKXQQL-
NXG��9lOMDQlJHPLVHOW�MD�DUYDWDYDOW�NXMXQHPLVSURW-
VHVVLOW� PHHQXWDE� V�VWHHP� NDXJHPDO� NDJX� SRRO�
SDLNQHYDLG�6DKD�/RR�PXLQDVS}OGH��NXV�S}OOXSHHQ-
UDG�RQ�NXMXQHQXG�SLNDDMDOLVH�PDDKDULPLVH�NlLJXV�
QLQJ�S}OOXNLYLKXQQLNXWH�OLLWXPLVHO��.D�/RR�S}OGXGH�
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QLYHOOHHULPLVSODDQLOW��MQ����QlHE��HW�S}OOXSHHQDUGHV�
RQ� N}UJHPDLG� NXKMDWLVHODDGVHLG� O}LNH�� PLV� VXXUH�
W}HQlRVXVHJD�WlKLVWDYDG�HVLDOJVHLG�S}OOXNLYLKXQQL-
NXLG��PLOOHVW�KLOMHP�NXMXQHVLG�SHHQUDG��2Q�ND�VHO-
OLVHLG�QHOLQXUNVHLG�S}OOXODSSH��PLGD��PEULWVHYDGNL�
DLQXOW�S}OOXNLYLKXQQLNXG��/RR�MD�6DKD�/RR�S}OGXGH�
VDUQDVXVHJD�KDDNXE�ND�VHH��HW�P}OHPD�S}OOXVWLNX�
YDQLPDG�GDWHHULQJXG�RQ�����²�����DDVWDW�YDQDG��
9lOLVWDWXG�SROH�ND�VHH��HW�NXQDJL�PRRGXVWDVLG�DODG�
�KWVH�WHUYLNX��

/RR�S}OGXGH� YlKHQH�GDWHHULQJXWH� DUY� W}VWDWDE�
N�VLPXVH�QHQGH�UHSUHVHQWDWLLYVXVHVW��8XULPLVDODOW� 
��VDDGXG�V|H�GDWHHULQJXW�WRHWDYDG�QLL�S}OOXMllQXV� 
WH�YlOMDQlJHPLQH�NXL�SDUDOOHHOLG�6DKD�/RR�S}OGX-
GHJD��NXLG�XXULPLVDOD���SXKXO�RQ�URKNHP�N�VLWDYX-
VL��.XLJL�ND�,,,�NDHYDQGL�DOXPLVHVW�PXOODNLKLVW�VDD-
GXG�V|H�GDWHHULQJ�ODQJHE�VDPDVVH�DHJD�9�NDHYDQGL�

WXOHPXVHJD��WHHE�DVMD�NHHUXOLVHNV�VHH��HW�S}OOXNLYL-
KXQQLN�SROQXG�YlJD�NRPSDNWQH�QLQJ�SHDOPLVWHVW�
NLKWLGHVW� OHLWL�XXVDHJVHLG� OHLGH��6HOOH�S}KMDO�Y}LNV�
ROHWDGD�� HW� S}OGX� KDULWL� VLLQ� YlKHPDOW� NDKHV� HWD-
SLV�²�SURQNVLDMDO�MD�KLOMHP�WDDV�XXVDMDO��6LLVNL�MllE�
N�VLPXVHNV�NLYLKXQQLNX�DOW�VDDGXG�V|H�GDWHHULQJX�
W}OJHQGDPLQH�²�NDV�VHH�YLLWDE�PDD�WXOH�DELO�SXKDV-
WDPLVHOH�HQQH�HVLPHVW�PDDKDULPLVW�Y}L�RQ�VHH�VHR-
WXG�PLQJL�PXX� �LQLP�WHJHYXVHJD"�.XQD�XXULPLV-
DOD���RQ�VXKWHOLVHOW�PDGDO� MD�QLLVNH��VLLV�Y}LE�ROOD�
WHJX� PXLQDVDMDO� PDDKDULPLVHNV� VRELPDWX� DODJD�
QLQJ�KXQQLNXG�VHRWXG�KRRSLV�KLOLVHPD�PDDNDVXWD-
PLVHJD��9DVWXVHLG�QHLOH�N�VLPXVWHOH�DQQDNV�YDLG�
S}KMDOLNXP�XXULPLQH��2PHWL�WlLGDYDG�/RR�S}OGXGH�
DYDVWDPLQH�MD�HVPDVHG�XXULPLVWXOHPXVHG�MXVWNXL�
O�QJD�PDDVWLNXV��PLV�MlL�HQQH�3URRVD�MD�6DKD�/RR�
PXLQDVS}OGXGH�YDKHOH��


