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Zusammenfassung

Zusammenfassung

In der Archaologie werden elektrische Widerstandsmessungen routinemalilig zur
Prospektion von Fundstellen eingesetzt. Die Methode ist kostengunstig, leicht
anwendbar und liefertin den meisten Fallen zuverlassige und leicht zu interpretierende
Ergebnisse. Dennoch kann die Methode die archaologischen Strukturen in manchen
Fallen nur teilweise oder gar nicht abbilden, wenn die bodenphysikalischen und
bodenchemischen Eigenschaften des Bodens und der archéologischen Strukturen
GLHV QLFKW ]J]XODVVHQ 'HU VSH]JL¢{¢VFKH HOHNWULVF
wie Wassergehalt, Bodenstruktur, Bodenskelett, Bodentextur, Salinitdt und
%RGHQWHPSHUDWXU EHHLQAXVVW ODQFKH GLHVHU 3
und die Bodentemperatur, unterliegen einer saisonalen Veranderung.

'LH YRUOLHJHQGH $UEHLW XQWHUVXFKW GHQ VSH]L
archaologischen Steinstrukturen und evaluiert die Moglichkeit, auf Grundlage

von Geldndemessungen und Laboranalysen archaologische Strukturen und
Boden als numerische Modelle darzustellen. Dazu wurde eine Kombination von
verschiedenen bodenkundlichen, geoarchaologischen und geophysikalischen
OHWKRGHQ YHUZHQGHW 8P DUFKIRORJLVFKH 6WU X
numerische Widerstandsmodelle darstellen zu kdnnen, werden Informationen zur
Geometrie der Strukturen und ihren elektrischen Widerstandswerten benotigt. Dabei

ist die Qualitat der Hintergrundinformationen entscheidend fir die Genauigkeit

des Widerstandsmodells. Die Geometrie der Widerstandsmodelle basiert auf den
Ergebnissen von Rammkernsondierungen und archdologische Ausgrabungen. Die

an der Ausbildung des elektrischen Widerstands beteiligten Parameter wurden durch

die Analyse von Bodenproben gemessen und ermdglichen durch Pedotransfer-
Funktion, wie dieRHoabes )RUPHO GLH $EVFKIW]XQJ GHV VSH]L
‘:LGHUVWDQGHY GHV )HLQERGHQV 8P GHQ (LQAXVV GH
HOHNWULVFKHQ :LGHUVWDQG YRQ %RGHQSUR¢{OHQ
berechnen, kamen die Perkolationstheorie und die Effective Medium Theory zum
Einsatz. Die Genauigkeit und eventuelle Limitierungen der Methoden wurden im
Labor durch experimentelle Widerstandsmessungen an ungestdrten Bodenproben und
synthetischen Materialien tberprift.

Die saisonale Veradnderung des Wassergehalts im Boden wurde durch numerische
Modelle mit der Software HYDRUS simuliert. Die hydraulischen Modelle wurden
auf Grundlage der ermittelten bodenkundlichen und archaologischen Stratigraphie
erstellt und verwenden die Daten von lokalen Wetterstationen als Eingangsparameter.
Durch die Kombination der HYDRUS-Ergebnisse mit den Pedotransfer-Funktionen



Zusammenfassung

NRQQWH GHU (LQAXVV GLHVHU VDLVRQDOHQ 9HUIQGHFH
von elektrischen Widerstandsmethoden berechnet werden. Die Ergebnisse der
Modellierungsprozesse wurden mit den Geldndemessungen verglichen. Die beste
Ubereinstimmung zwischen Modellergebnissen und den Prospektionsergebnissen
konnte fur die Fallstudie bei Katzenbach festgestellt werden. Bei dieser wurden die
Modelle auf Grundlage von archaologischen Grabungsergebnissen und detaillierten
bodenkundlichen Analysen erstellt.

Weitere Fallstudien zeigen, dass elektrische Widerstandsmodelle eingesetzt
ZHUGHQ N|QQHQ XP GHQ (LQAXVV YRQ XQJ*QVWLJ
auf die Ergebnisse der elektrischen Widerstandsmessungen abzuschatzen. Diese
Informationen unterstitzen die Planung und Anwendung der Methoden im Gelande

und ermdglichen eine effektivere Interpretation der Prospektionsergebnisse. Die
SUIVHQWLHUWHQ ORGHOOLHUXQJVDQVIW]H EHQ|WLJH
den Vergleich der Modellierungsergebnisse mit detailliertem geophysikalischem
Gelande-Monitoring von archéologischen Fundstellen. Zusatzlich kdnnten elektrische
Widerstandsmessungen an kinstlichen Mauerstrukturen unter kontrollierten
Bedingungen zur Uberprifung der Modellierungsprozesse genutzt werden.
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Abstract

Electrical resistance measurements are routinely used in archaeological prospection

to survey underground structures. The method ist cost effective, easy to undertake
and usually produces good results. However, the method sometimes fails to detect
archaeological remains or gives only partial detection. The electrical resistivity of soils
DQG DUFKDHRORJLFDO VWUXFWXUHYV LV NQRZQ WR EH
properties of soils and archaeological features, such as soil moisture, soil structure,
soil skeleton, soil texture, salinity and temperature. Some of these parameters, like
moisture content and soil temperature may undergo seasonal variations that can affect
prospection results at different times of the year.

This thesis explores the resistivity of stone-built structures and how data collected by
(¢HOGZRUN DQG ODERUDWRU\N DQDO\WLY FDQ EH XVHG
the resistivity of such remains. It considers the value of techniques from soil science,
geoarchaology and geophysics that are used to examine the resisitivity of archaeological
structures and soils. In order to create resistivity models, information about the
geometry and the resistivity values of archaeological structures and the surrounding
soil is required. The accuracy of the model depends on the quality of the information
that is used to create the model. The stratigraphy of soils and archaeological remains
was examined by vibracores and archaeological excavations and served as the basis for
the geometry of both hydraulic and resistivity models. The electrical resistivity of soils

can be estimated by so-called pedotransfer functions, such Bsidhees equation,

which are based on the empirical relationship between the underlying soil physical,
VRLO FKHPLFDO SURSHUWLHYVY DQG WKH HOHFWULFDO
insulating soil skeleton on the bulk resistivity of soils and stone built structures was
calculated by using the percolation theory and effective medium theory. The accuracy
and limits of these methods were tested by experimental resistivity measurements on
undisturbed soil samples and synthetic materials.

The seasonal variation of soil moisture was modelled with the software HYDRUS.

All of the hydraulic models used were created from actual soil stratigraphy and
archaeological excavation recordings. HYDRUS uses weather data from local weather
stations as input. The computed values were used to calculate the effect of changing

soil moisture on the results of electrical resistance methods. The outcome of the
PRGHOOLQJ SURFHVVHV ZDV FRPSDUHG ZLWK WKH ¢HC
¢W ZDV IRXQG IRU WKH .DWJHQEDFK FDVH VWXG\ DV
archaeological and geoarchaeological analysis of the site.



Abstract

Finally this thesis concludes that numerical resistivity models help to understand why
electrical resistance methods sometimes fail to detect buried stone-built structures.
Therefore the approach helps to guide the use of resistance methods and the
interpretation of prospection results. It may be neccessary to further investigate the
accuracy of the modelling procedure by comparing the results with detailed geophysical
VLWH PRQLWRULQJ O5HVLVWLYLW\ PHDVXUHPHQWYVY RC
controlled conditions could be used to more completely verify the modelling approach
presented.
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.DSLWHO (LQIeKU>

1 Einflhrung

Elektrische  Widerstandsmessungen werden routinemallig eingesetzt, um
DUFKIRORJLVFKH 6WUXNWXUHQ ]X GHWHNWLHUHQ XQG
LQ DUFKIRORJLVFKHQ .RQWH[WHQ JHQXW]W ZHUGHQ
'LGHUVWDQG ! YRQ DUFKIRORJLVFKHQ 6WUXNWXUHQ
BQWHUJUXQGHV XQWHUVFKHLGHW

Seit den 1950ern werden elektrische Widerstandsmethoden zur archaologischen

BURVSHNWLRQ HLQJHVHW]W 'XUFK GLH HLWHUHQWZ
HQWVWDQGHQ OXOWLHOHNWURGHQV\WVWHPH GHUHQ OI
PLW VSH]J|LHOOHU 6RIWZDUH GHWDLOOLHUWH XQG I
(Crark 1990; ScoLtAR HW D OGAFFNEY & GATER hEOLFKHUZHLVH Zt}
HOHNWULVFKH :LGHUVWDQGVYHUIDKUHQ LQ ]JZHL YHUVI

Xx +RUL]JRQWDOH ' .DUWLHUXQJHQ HQJO (5 (OHFV
9HUIQGHUXQJHQ GHV HOHNWULVFKHQ :LGHUVWDGC
*EHU 3RWHQWLDOPHVVXQJHQ HUPLWWHOW ZHUGH
HLQJHVHW]W ZHQQ VLFK GLH DUFKIRORJLVFKHQ ¢
6LFKW JXW YRP XPOLHJHQGHQ %RGHQPDWHULDO X
ODXHUVW SN X UH Q

x " RGHU ' HOHNWULVFKH :LGHUVWDQGVWRPRJUDS
5HVLVWLYLW\ 7RPRJUDSK\ EHL GHQHQ GXUFI
, QIRUPDWLRQHQ ¢*EHU GLH YHUWLNDOH 9HUWHLO:
LP %RGHQ JHZRQQHQ ZHUGHQ 'LHVH OHWKRGH NL
komplexe arch&ologische Strukturen zu untersuchemwagorouros HW DO
2006;Wake HW DO

'LH QWHUSUHWDWLRQ YRQ HOHNWULVFKHQ :LGHUVWD
OXVWHUQ YRQ $QRPDOLHQ GLH GHQ 9HUODXI HLQHU D
(BRenceL HW DO $XV HLQHU PHKU DOV -DKUH ¢
IXW]IXQIJVIHVFKLFKWH JHKW MHGRFK KHUYRU GDVV
gar nicht oder nur teilweise durch elektrische Widerstandskartierungen detektiert

ZHUGHQ N|QQHQ 'LH *U*QGH IeU GLHVH XQEHIULHGLJH
XQEHNDQQW XQG YHUKLQGHUQ SUI]JLVH 9RUKHUVDJH
OHWKRGH XQWHU EHVWLPRBRAWNQ IRUDXVVBEBWPXIQIHQGHQ
DOOJHPHLQH XQG XQVSH]L{(VFKH $XVVDJHQ ]X GHQ I-U
KHUDQJH]RJHQ GLH DEHU QXU JHEch@IHBWLD®XVVDJIHNU



.DSLWHO (LQIeKU>

SUREOHPDWLVFK LVW DEHU QLFKW QXU GLH (UIROJVD.
, QWHUSUHWDWLRQ GHU 'DWHQ EHL HLQHU HUIROJUHLF
SUR]JHVVH ZHOFKH DQ GHU %LOGXQJ YRQ HOHNWULV]I
VLQG ELVODQJ OLPLWLHUW LVW ZLUG HLQH GHWDLOO
JHRSK\VLNDOLVFKHQ $QRPDOLH ]X HLQHP DUFKIRORJLYV

1.1 Fragestellungen und Ziele

'LH YRUOLHJHQGH $UEHLW XQWHUVXFKW O|JOLFKNHLW
YRQ DUFKIRORJLVFKHQ G6WUXNWXUHQ ]JX DQDO\VLHU
HITHNWLYHU HLQ]XVHW]HQ XQG LKUH (UJHEQLVVH EH
HOHNWULVFKH :LGHUVWDQGVPHWKRGHQ YRU DOOHP D
.RQWH[W DQJHZHQGHW ZHUGHQ LVW GLHVH $UEHLW D
$O0V )DOOEHLVSLHOH ZHUGHQ 6WHLQVWUXNWXUHQ PLW
XQG DXV YHUVFKLHGHQHQ (SRFKHQ XQG 1DWXUUIXPHQ

'LH I+U GLH $XVELOGXQJ GHV ! YRQ DUFKIRORJLVFKH
)DNWRUHQ ZLH %RGHQIHXFKWH %RGHQWH[WXU 6WHL
GLHVHU 8QWHUVXFKXQJHQ %RGHQNXQGOLFKH XQG
HUP|JOLFKHQ GLH %HVWLPPXQJ GHV (LQAXVVHV GLHVE
VRPLW UHDOLVWLVFKH (LQJDQJVZHUWH l«U QXPHULVF

Fragestellungen und Ziele

() (YDOXLHUXQJ GHU ERGHQSK\VLNDOLVFKHQ XQG
IXU %LOGXQJ GHV HOHNWULVFKHQ :LGHUVWDQGH
6WUXNWXUHQ EHLWUDJHQ

() ,GHQWL{]JLHUXQJ XQG (YDOXLHUXQJ ERGHQU
XQG SK\WLNDOLVFKHU OHWKRGHQ GLH ]XU %H
'LGHUVWDQGHV YRQ %|GHQ XQG DUFKIRORJLVFK

NIQQHQ

(M) ,GHQWL¢]JLHUXQJ XQG (YDOXLHUXQJ YRQ ORGHO
ERGHQSK\VLNDOLVFKH XQG ERGHQFKHPLVFKH 3D

(V) 'HVLJQ XQG $QZHQGXQJ YRQ OXPHULVFKHQ :L
UHDOLVWLVFKHQ (LQJDQJVZHUWHQ
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Abbildung 1-1: )RUVFKXQJVVWUDWHILH XQG $UEHLWVDEOIXIH

1.2 Untersuchungsgebiete

'LH XQWHUVXFKWHQ DUFKIRORJLVFKHQ )XQGVWHOOHC
GHU )DOOVWXGLH EHL $PLWHUQXP ,WDOLHQ DXI| GHC
%XQGHVOIQGHUQ 5KHLQODQG 3IDO] XQG 6DDUODQG
QDFK GHQ .ULWHULHQ %DXZHLVH 1DWXUUDXP (UKDO'
XQG =XJIQJOLFKNHLW 'D GLH DUFKIRORJLVFKH )RUVFK
PLW JHRSK\WLNDOLVFKHQ OHWKRGHQ XQG DUFKIRORJL
GXUFK GLH ]XVWIQGLJH /DQGHVDUFKIRORJLH EHQ|WL.
.RRSHUDWLRQ PLW GHQ ]XVWIQGLJHQ %HK|UGHQ XQG
YHUVFKLHGHQHQ DUFKIRORJLVFKHQ ,QVWLWXWHQ GX
EHNDQQWHQ DUFKIRORJLVFKHQ )XQGVWHOOHQ PLW 6W
GHU (LVHQ]JHLW XQG 5|PHU]JHLW

'LH HLVHQ]HLWOLFKHQ 6WHLQVWUXNWXUHQ EHVFKUIQ
EHIHVWLIJWHQ 6LHGOXQJHQ EHNDQQWHQ 9HUWHLGLJIXC
(UGREHUAIFKH HSthiKDE® YOB8K obHLECBEHINDLER '"LH 1XW]XQJ
YRQ HOHNWULVFKHQ :LGHUVWDQGVPHWKRGHQ ]XU 3UR
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ZXUGH ELVODQJ QXU VHOWN=@HsoUR PFloWW WOUDBRENGEL JH]R JH (

GD GLH QDWUOLFKHQ *HIHEHQKHLWHQ LP 8PIHO
VFKOHFKWHU %YRGHQNRQWDNW GXUFK KRKHQ 6WHLQJ
SURVSHNWLRQVPHWKRGH HUIRUGHUQ N|QQHQ .DSLWHF
$UEHLW ]X GHQ HLVHQ]JHLWOLFKHQ :DOODQODJHQ O
UHVXOWLHUHQGHQ ! XQG GHQ 3UR]JHVVHQ GLH ]XU 9
[« KUHQ

,Q 5KHLQODQG 3IDO] NDQQ GXUFK HLQH LQWHQVLY]
U/PLVFKHU =HLW YRQ HLQHU KRKHQ 'LFKWH DQ U|P
ZHUGHQ 'LH *HEIXGH ZXUGHQ JU|%WHQWHLOV DXV
%DXZHLVH UHOMMUWLY IKQOHW¥K /DQGJ*WHU YHUWHLOH:
XQWHUVFKLHGOLFKH 1DWXUUIXPH ZLH ] % GDV 0DLQ
XQWHUVFKLHGOLFKHQ PDULQHQ 6HGLPHQWHQ GLH ]X
ELV KLQ ]X *HELUJVE|GHQ DX| XQWHUVFKLHGOLFKH

$XIJUXQG LKUHU +IX¢IJNHLW XQG %DXZHLVH VLQC
3URVSHNWLRQV]LHO PLW HOHNWULVFKHQ :LGHUVWD
9RUGHUJUXQG GHU YRUOLHJHQGHQ )RUVFKXQJVDUEHL

'LH DQJHI*KUWHQ DUFKIRORJLVFKHQ )XQGVWHOOHQ Y
JRUVFKXQJVIJHVFKLFKWHQ ZRUDXV YHUVFKLHGHQH 'D
GHU %LOGXQJ GHV HOHNWULVFKHQ :LGHUVWDQGHV |
VWHKHQ 'LHVH ,QIRUPDWLRQHQ N|QQHQ MH QDFK $X
*UDEXQJV]HLFKQXQJHQ ELV KLQ ]X ERGHQNXQGOLF
$QDO\WHQ YRQ %RGHQSUR{;OHQ XQG %RKUXQJHQ U
TXDOLWDWLYHQ 8QWHUVFKLHGH HUP|JOLFKW $XVVDJ
DQ GDV +LQWHUJUXQGZLVVHQ GDV ]XU (UVWHOOXQ
'LGHUVWDQGVPRGHOOHQ QRWZHQGLJ LVW 'LH )DO
+LQWHUJUXQGZLVVHQ ZHUGHQ ]XU 8QWHUVXFKXQJ C
GHP DUFKIRORJLVFKHQ VRZLH GHQNPDOSAHJHULVFK
'LGHUVWDQGVPHWKRGHQ 'RQQHUVEHUJ %XQGHQEDI
KHUDQJH]RJHQ ZIKUHQG )XQGVWHOOHQ PLW [XVIW]OLI
XQG JHRPRUSKRORJLVFKHQ ,QIRUPDWLRQHQ ]XU 8QWH
QDWXUUIXPOLFKHQ *HJHEHQKHLWHQ DUFKIRORJLVFK
3URVSHNWLRQVHUJHEQLVVHQ YHUZHQGHW ZXUGHQ 0D

'LH DXV ERGHQNXQGOLFKHU XQG JHRDUFKIRORJLVFKI
.DW]JHQEDFK XQG (LVHQEHUJ VWHKHQ LP =HQWUX|
ZHUGHQ ]XU (UJUWHUXQJ GHV PD[LPDOHQ 3RWHQWLD

4
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SHUEHVVHUXQJ GHU $QZHQGXQJ YRQ HOHNWULVFKH
, QWHUSUHWDWLRQ LKUHU B3URVSHNWLRQVHUJHEQLVVE

Abbildung 1-2: 8QWHUVXFKXQJVJHELHWH LQ 5KHLQODQG 3IDO
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2 Elektrische Widerstandsmessungen in der Archéologie

=XU DUFKIRORJLVFKHQ 3URVSHNWLRQ ZHUGHQ YHUVF
'LGHUVWDQGVPHVVXQJ DQJHZHQGHW ZREHL GLH HC
(5 HQJO (OHFWULFDO SHVLVWDQFH HOHNWULVF

HQJO (OHFWULFDO 5HVLVWLYLW\ 7RPRJUDSK\ XQ
HQJO (OHFWURPDJQHWLF DP KIX¢IJVWHQ HLQJIJHVHYV
'LGHUVWDQGVPHWKRGHQ OLHJW GDV 2KP*VFKH *HVHW] ]
HOHNWULVFKHP :LGHUVWDQG XQG GHP LP %RGHQ VW

— [1]

R HOHNWULVFKHU :LGHUVWDQG LQ
V 6SDQQXQJ LQ 9ROW
I 6WURPVWIUNH LQ $PSHUH

'HU HOHNWULVFKH :LGHUVWDQG R LQ EHVLW]W NHLC
QLFKW DOV PDWHULDOVSH]L¢VFKHU :HUW DQJHVHKHQ Z|
9HUJOHLFKEDUNHLW PLW DQGHUHQ :LGHUVWDQGVPHVV.
PDWHULDOVSH]L¢VFKH :HUW VSH]LLVFKHU HOHNWULVFF
P DQJHJHEHQ ZLUG 'HU .HKUZHUW GHV VSH]L¢{VFKHQ
GLH VSH]L{VFKH HOHNWULVF&HAH HWI TBEDINHLW "HU 1L CH B
JUSHUV HUJLEW VLFK DXV VHLQHQ SK\WLNDOLVFKHQ X

,Q %|GHQ N|QQHQ GLHVH (LJHQVFKDIWHQ XQWHUVFK
HLQH JUR%H 6SDQQE U HokaAMiALDGHTViIERBASH U X U V DHFEMQ HLQH Q
%HUHLFK YRQ P leU 9%8tGUAQ HDM) DDIKUHQGHUWH
+ P EHREDFKWHQ 'DV 3ULQJLS GHU $XVELOGXQJ
SK\WLNDOLVFKH (LJHQVFKDIWHQ HLQHV .[USHUV NDQQ
DQJHZHQGHW ZHUGHQ ZREHL DXFK KLHU HLQH JUR%H

I ' HUWH P VLQG |JXP %HLVSLHO YRQ YH®eoO>W®@WHQ 6L
HW DO ZIKUHQG DQ HLVHQ]JHLWOLFKHQ :DOODQOL
P DXIWUHW H BreNdgLQRQIR ;(BRENGEL *HQHUHOO JUHQ]JHQ \

HOHNWULVFKH LGHUVWDQGVNDUWLHUXQJ XQG GLH HC
GHU (OHNWURPDJQHWLN DE GD HV VLFK EHL GHQ EHLC
GHU NODVVLVFKHQ 9LHU 3XQNW OHWKRGH KDQGHOW I



.DSLWHO (OHNWULVFKH :LGHU\

$ XQG % GHU HOHNWULVFKH 6WURP LQ GHQ %RGHQ JI
3RWHQWLDOHOHNWURGHQ 0 XQG 1 LGL KHRIHW | DHEAHHNAQHIQC
$EE %HL GHU OHVVXQJ GHU 9HUIQGHUXQJ GHU 6SI
3RWHQWLDOPHVVXQJ ZHOFKH GLH $XVELOGXQJ HLQHV
BWURPV «EHU GLH 6WURGMOHNWURB HQ} DWW BEVOHW VLQV)
OHLWHQ HLQHQ NRQVWDQWHQ 6WURPAXVV LQ GHQ 8¢
‘HFKVHOVWURP PLW H[WUHP QLHGULJHU )UHTXHQ] KD
VROO GDVV VLFK GXUFK GLH $XVULFKWXQJ GHU LP %
BWURPIHOGHV HLQH 3RODULVLHUXQJV %DUULHUH ELOGH
GHU IROJHQGHQ OHVVXQGarriEH & IGER 2008 J&eANGH D

BROOWH GHU 6WURPAXVV DX| *UXQG HLQHV VFKOHFKWI
YHUIQGHUW VLFK DXFK GLH 3RWHQWLDOPHVVXQJ -HG
BWURPAXVV XQG 3RWHQWLDOPHVVXQJ GAttJ HOHNWULVF

Abbildung 2-1: 6 FKHPDWLVFKHU $XIEDX HLQHU HOHNWULVFKHQ :LGHU\V
.RQ¢JIJXUDWLRQ ¢ EHU HLQHU ODXHUVWUXNWXU XQG GBAFNEYGHDOLVLH
& GATER

,Q GHU 7KHRULH (¢QGHQ GLH OHVVXQJHQ DQ HLQHP LGH
GHU QXU *EHU HLQHQ VSH]L{VFKHQ HOHNWULVFKHQ :L
WULIITW MHGRFK QLFKW DXI GHQ %RGHQ ]X DQ GHP LP
durchgefuihrt werdenStoutar HW DO 9LHO HKHU KDQGHOW

KHWHURJHQHQ .JUSHU GHVVHQ ! GXUFK VHLQH ERGHQS
(LJHQVFKDIWHQ UIXPOLFK YDULLHUW 'HU GXUFK GLH 9
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EHVWHKW GHVKDOE ]X HLQHP JHZLVVHQ *UDG DXV HL
GLHVHU XQWHUVFKLHGOLFKHQ (LQ]JHON|USHU XQG PXVV
‘"HUW VSH]L,VFKHU :LGHUVWDQG ! DEJHJUHQ]W ZHUGI
%H]HLFKQXQJ VFKHLQEDUHU_VEMW|DB®@EMHW :LGHUVWDQG

2.1 Elektrische Widerstandskartierung (ER)

'LH HOHNWULVFKH :LGHUVWDQGVNDUWLHUXQJ LVW
JHRSK\WLNDOLVFKH 3URVSHNWLRQVPHWKRGH LQ GHU $
OHWKRGH ZHUGHQ HOHNWULVFKH :LGHUVWDQGPHVVJHL
DQJHZHQGHW ZLH ] % GDV *HRVFDQ 50 RGHU VHLQ 1
*HQHUHOO LVW HLQH XQEHJUHQ]WH $Q]DKO DQ (OHNV
GHUHQ *HRPHW UScblise HHNWVD @@W LVW -HGRFK KDW VLFK GL}
7ZLQ 3UREH $QRUGQXQJ ]XP KHXWLJHQ =HLWSXQNW ZH
7ZLQ 3UREH $QRUGQXQJ ZHUGHQ ]ZHL PRELOH (OHNWUR
HLQHP 5DKPHQ VLW]HQGHQ :LGHUVWDQGVPHVVJHUIW Y
ZHLWHUH 9HUELQGXQJ EHVWHKW ]X ]JZHL IHVWHQ (OHNW
GHU 3URVSHNWLRQ QLFKW YHUIQGHUW 'HU (OHNWURGHF
(OHNWURGHQ OLHJW JHZ|KQOLFK EHL P 8P JU|%HUE
HUUHLFKHQ NDQQ GLHVHU $EVWDQG YHUJU|%HUW ZH!
XQWHUVWeW]HQ GLH JOHLFK]JHLWLJH 9HUZHQGXQJ YRQ F
% ZRGXUFK VFKQHOOHUH 3URVSHNWLRQHQ P|JOLFK VL

Abbildung 2-22 (OHNWULVFKH :LGHUVWDQGV NDBEEWEHUXQJ LP *HOIQGH )RV
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'LH 3URVSHNWLRQ HLQHU )OIFKH HUIROJW GXUFK GL
JOHLFKPI%LJHY 5DVWHU GHVVHQ $XA|VXQJ EHOLHELJ
GLHVHU 5DVWHUTXDGUDWH ZLUG HLQH OHVVXQJ PLW C
(GAFFNEY & GATER *HZ|KQOLFK PHVVHQ GLH :LGHUVWD(
HOHNWULVFKHQ :LGHUVWDQG LQ, LQGLP IEW LG GH Yo AXUIHF B Q
$QRUGQXQJ GLH $QQDKPH HLQHU XQHQGOLFKHQ (QWIH
GHQ EHLGHQ IHVWHQ (OHNWURGHQ QRWZHQGLJ LVW ,Q
SURVSHNWLRQHQ PLW GHU HOHNWULVFKHQ :LGHUVWDQ

P ]ZLVFKHQ GHQ EHLGHQ PRELOHQ (OHNWURGHQ YHU.
EHUXKW DXI GHU 6LFKWEDUNHLW YRQ OXVWHUQ YRQ :L
GHP GHV XPOLHJHQGHQ %RGHQV DEZHLFKW 6R ZHUGHC
DOV OLQHDUH $QRPDOLHQ PLW HLQHP KRKHQ HOHNWULYV

'LH 9RUWHLOH GHU HOHNWULVFKHQ :LGHUVWDQGVNDUW
XQG GHU XQNRPSOL]JLHUWHQ 'XUFKI*KUXQJ GHU OHVVXCQ
GHQ PHLVWHQ )IOOHQ GXUFK VFKOHFKWHQ (OHNWURGH
]XPHLVW DXI $QZHQGHUIHKOHU RGHU GLH 2EHUAIFKHQE!
]XUeFEN]XI*KUHQ LVW 'D GLH PHLVWHQ :LGHUVWDQGVPF
'LGHUVWDQGVNDUWLHUXQJ HLQJHVHW]W ZHUGHQ LQ L
vLQG Lvw GLH OHWKRGH EHL UHODWLY WURFNHQHQ
SURVSHNWLRQHQ UHVXOWLHUHQGHQ OHVVHUJHEQLVVH 7
VWDWLVWLVFKHQ $XVUHL%cBLUQ KW WD XFKEDU JHPDFKW

2.2 Elektrische Widerstandstomographie (ERT)

%HL GHU HOHNWULVFKHQ :LGHUVWDQGVWRPRJUDSKLH
(OHNWURGHQ PLW NRQVWDQWHP (OHNWURGHQDEVWDQCG
(OHNWURGHQ *EHU OXOWLNDQDO .DEHO DQJHVFKORVVH
GLH 6\WVFDO 3UR YRQ ,ULV ,QVWUXPHQWY RGHU GDV +3 /
DXWRPDWLVFK MHGH P|JOLFKH (OHNWURGHQNRPELQDYV
‘LGHUVWDQGHV 'DEHL ZLUG aGWXN [OWWMWU R & H QWD|E/HAUDN
HLQHU JU|%HUHQ (LQGULQJWLHIH IsKUW 'DV (UJHEQLV
I LQ P GLH LQ GHU )RUP HLQHV XPJHGUHKWHQ 7UDSFH
VRJHQDQQWH 3VHXGRVHNWLRQHQ S$EE 'LH 3RVLWL
VLFK DXV GHU *HRPHWULH GHU ]XU OHVVXQJ YHUZHQ
DP KIX¢JVWHQ YHUZHQGHWHQ $QRUGQXQJHQ VLQG GLF
'LSRO 'LSRO $QRUGQXQJ 'LH 9RU XQG 1DFKWHLOH GHU

DXVJLHELJ HUIRUVFKW XBONaLL &GEHE VL F Bajufo& 26Qu
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X &LbAl & SzARKA

'LH 3XQNWGDWH@HQWDVVHQ QXU ZHQLJH 6FKO+*VVH DXI
9HUWHLOXQJ GHV ! LP 8QWHUJUXQG ]X 'HVKDOE ZHUGH
EHQ|WLJW GLH GLHVH 9HUWHLOXQJ LWHUDWLY EHUHFK
GLH OHWKRGH VHKU AH[LEHO XQG ZLUG l«U HLQH 9LHO]
.DSLWHO (LQ 9RUWHLO JHJHQ+EHU GHQ EHL GHU |
HLQJHVHW]WHQ OHVVJHUIWHQ LVW GLH K|KHUH )OH[LEI
8QWHUJUXQG 'LH 6\WFDO 3UR NDQQ 6SDQQXQJHQ YRQ
WURFNHQHP XQG VWHLQLJHP %RGHQ YRQ 9RUWHLO VHLC

Abbildung 2-3: 6 FKHPDWLVFKH 9HUWHLOXQJ GHU OHVVSXQNWH EHL HLQHL
A4XHOOH YHW®GEHHW RO FK

2.3 Elektromagnetik (EM)

'LH (OHNWURPDJQHWLN XQWHUVFKHLGHW VLFK YRQ G
LQVRIHUQ GDVV KLHUEHL NHLQ .RQWDNW ]XP %RGHQ
PXVV 6LH HUJHXJW GXUFK HLQHQ :HFKVHOVWURP LQ
GDV ZLHGHUXP LP %RGHQ HLQ ODJQHWIHOG LQ ODWH
6XVIHSWLELOLWIW XQG LQ HOHNWULVFK OHLWIIKLJHQ O
'XUFK PHKUHUH 6HQVRUHQ NDQQ GLH 6WIUNH GLHVHU E
XQG GHU $QZHQGHU HUKIOW GDGXUFK ]ZHL I+U GLH
Q*W]JOLFKH OHVVZHUWH QIPOLFK GLH PDJQHWLVFKH 6

10
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/IHLWIIKLINHLW 1 LP %RGHQ

ORGHUQH OHVVJHUIWH YHUZHQGHQ YHUVFKLHGHQH 6F
(QWIHUQXQJ YRQ GHU ,QGXNWLRQVTXHOOH GLH OHVV
LQ YHUVFKLHGHQHQ 7LHIHQ ]XU VHOEHQ =HLW HUP|JO
‘"HUWH l+U GLH HOHNWULVFKH /HLWIIKLINHLW LQ GHQ 7
MHGHQ OHVVSXQNW XQG ]XVIW]OLFK :HUWBESbTGLH PDJ
HW DO (OHNWURPDJQHWLN ZLUG KIX¢d LQ *HELH
7RQJHKDOWH VRZLH GLH 6DOLQLWIW XQG :DVVHUVIW\
DQGHUHU OHWKRGHQ ZLH ] % GS#V Pbh\R OHODABEEGRUYV YHU|
DO =XVIW]OLFK NDQQ GLH OHWKRGH EHL WLHIHUO!
DQJHZHQGHW ZHUGHQ GD HLQH VHKU KRKH (LQGULQJWL

2.4 Erfolg und Misserfolg von geophysikalischer Prospektion

'HU (UIROJ HLQHU JHRSK\VLNDOLVFKHQ 3URVSHNWLR
BWUXNWXUHQ ZLUG YRU DOOHP DXV DUFKIRORJLVFKHU
OHWKRGHQ LQ PDQFKHQ )IOOHQ GLH DUFKIRORJLVFKHQ
GHWHNWLHUHQ N|QQHQ +LQ]X NRPPHQ GLH VRJHQDQQ
JHRSK\WLNDOLVFKHQ 3URVSHNWLRQ VLFKWEDU VLQG L
*UXQG IHKOHQGHU RSWLVFKHU %HIXQGH QLBKW PHKU I
HW DO 'LH *UsQGH I+U GLHVHV A9HUVDJHQ® VLQG
DEHU ]XPLQGHVW LQ GHQ PHLVWHQ )IOOHQ EHVFKULHE
A9HUVDJHQ® MHGRFK QLFKW SDVVHQG 9LHO HKHU KDQG
JLPLWLHUXQJ GHU HLQ]JHOQHQ OHWKRGHQ GLH ]X HLQHL
,Q HLQHU DXI GHQ 1RUGZHVWHQ YRQ (QJODQG EH]RJIHI
JHRSK\WLNDOLVFKHU 3URVSHNWLRQ |+UJRtAFKIR@ERJILVFKI
GLH *U*QGH leU HLQH QLFKW HUIROJUHLFKH 3URVSHNWL

x 'LH DUFKIRORJLVFKHQ 6WUXNWXUHQ VLQG ]X WLH
.DSLWHO

'LH 3UREOHPDWLN GHU WLHI YHUVFK:WWHWHQ DUFKIR
QDKH]X MHGH AIFKHQKDIW DQJHZHQGHWH 3URVSHNWL
HOHNWULVFKHQ :LGHUVWDQGVNDUWLHUXQJ PLW GHP 7Z
GHU PRELOHQ (OHNWURGHQ OLPLWLHUW 'LH HOHNWUL\
+LQVLFKW ZHQLJHU DQIIOOLJ GD GHU (OHNWURGHQDEV!
NDQQ XP JU|%HUH (LQGULQJWLHIHQ ]X HUUHLFKHQ -H
(OHNWURGHQDEVWDQG GLH $XA|VXQJ GHU 3VHXGRVHNWI
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.DSLWHO (OHNWULVFKH :LGHU\

X 'LH DUFKIRORJLVFKHQ 6WUXNWXUHQ ZHUGHQ YRQ (
ODWHULDO *EHUGHFNW GDV GLH JHRSK\VLNDOLVFKF

'LHVHV 3UREOHP WULWW YRU DOOHP EHL 3URVSHNWLRC
PLW KRKHU PDJQHWLVFKHU 6XV]HSWLELOLWIW DQ GHU (
DXVELOGHQ NDQQ ZHOFKH GLH $QRPDOLHQ GHU DUFK
+LHUEHL VLQG YRU DOOHP DQWKURSRJHQH (LVHQVFKOTL
JHEUDFKW ZXUGHQ XQG YXONDQLVFKH *HVWHLQH GLH
6XV]HSWLELOLWIW YHUI«JHQ ]X QHQQOHQ $Q GLHVH 3U]
BW|UREMHNWH JHQDQQW ZHUGHQ GLH VLFK QLFKW LP
=IXQH *HEIXGH XQG YRUEHLIDKUHQGH $XWRV %HL Gt
.RQ¢IJXUDWLRQ VSLHOW GHU ! GHU REHUAIFKHQQDKHQ
(I WUHP KRKH RGHU QLHGULJH ! :HUWH LQ GLHVHQ %HUH
HLQHU DUFKIRORJLVFKHQ 6WUXNWXU KHUY BddulAt UXIHQHC
HW DO

x 'LH DUFKIRORJLVFKHQ 6WUXNWXUHQ VWHOOHQ DX
.RQWUDVW ]JXP XPOLHJHQGHQ %RGHQPDWHULDO GDL

*HRSK\VLNDOLVFKH OHWKRGHQ PHVVHQ JHQDX MHQH SK
VLH HQWZRUIHQ ZXUGHQ 8QWHUVFKHLGHW VLFK GLH

HLQHU DUFKIRORJLVFKHQ BWUXNWXU QLFKW YRQ GHU

]ZDU WURW]GHP YRQ GHU OHWKRGH HUIDVVW ELOGHW
hEHU GHQ (UIROJ HLQHU JHRSK\WLNDOLVFKHQ 3URVSH!
GHU 30DQXQJVSKDVH GDV YRUKDQGHQH +LQWHUJUXQG
XQG GLH %RGHQYHUKIOWQLVVH ODQFKH 6WUXNWXUHQ
SK\WLNDOLVFKHQ 3DUDPHWHUQ XQWHUVFKHLGHQ ZIKU
XPOLHJHQGHQ %RGHQ JOHLFKHQ 'HPHQWVSUHFKHQG L\
OHWKRGHQ XQWHUVFKLHGOLFKH (UJHEQLVVH I+U GLHVF
DOOHP EHL GHU NRPPHU]JLHOOHQ 'XUFKI+KUXQJ YRQ JHF
DXV ¢QDQJLHOOHQ *UsQGHQ KIX¢J QXU HLQH OHWKRGH

NDQQ JHQDX GLHVH OHWKRGH GLH DUFKIRORJLVFKHQ 6
HLQH DQGHUH OHWKRGH GXUFKDXV HUIROJUHLFK VHLQ
JHKOVFKODJV LVW JUDYLHUHQG YRU DOOHP DXV 6LFKW
VLFK YRU DOOHP GLH DXVI*KUHQGHQ *UDEXQJVOHLWH!I
JHRSK\VLNDOLVFKHQ OHWKRGHQ GD VLH GDV ]XYRU EH
EHUHLWY HUOHEW KDEHQ XQG VLFK LP VFKOHFKWHVWH
EHHLQAXVVW ZXUGH
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.DSLWHO (OHNWULVFKH :LGHU\

X 'LH DUFKIRORJLVFKHQ 6WUXNWXUHQ VLQG ]X NOHLC
XQG 6HQVLWLYLWIW GHU JHRSK\WVLNDOLVFKHQ OHWK

*UXQGVIW]OLFK ELHWHQ JHRSK\VLNDOLVFKH OHWKRGHQ
XQG 6HQVLWLYLWIWHQ GLH DXFK PDQXHOO UHJXOLHUV
PD[LPDOHQ 4XDOLWIW OLPLWLHUW VLQG ,P +LQEOLFN
LVW GLH $XA|VXQJ ]XP HLQHQ GXUFK GHQ (OHNWURGHQ
GHU HOHNWULVFKHQ :LGHUVWDQGVNDUWLHUXQJ GXUFK
OLPLWLHUW *HQHUHOO VLQG VHKU NOHLQH (OHNWU
OHVVUDVWHU P|JOLFK ZHUGHQ MHGRFK EHL NRQYH
DUFKIRORJLVFKHQ 3URVSHNWLRQ DOV ZHQLJ VLQQYROO

$XV GHQ JHQDQQWHQ *U*QGHQ P+VVHQ I+U HLQH HIIHNVW
OHWKRGHQ ]XU DUFKIRORJLVFKHQ 3URVSHNWLRQ GDV 3R
HUIRUVFKW XQG YRU DOOHGRDENXFKESXEOL]JLHUW ZHUGHQ

2.5 Forschungsstand

$XVIJHKHQG YRQ (LJHQSRWHQWLDOPHVVXQJHQ ]XU $Xl¢
LP %YHUJEDX GHV VSIWHAQ -DKUKXQGHUWY KDEHQ VL
'LGHUVWDQGVYHUIDKUHQ ELV ]JXP KHXWLJHQ =HLWSX
XQG PHLVWDQJHZHQGHWHQ 3URVSHNWLRQVYHUIDKUH
XQG DUFKIRORJLVFKHQ JRUVFKXQJ HQWZLFNHOW "
JRUVFKXQJVIJHVFKLFKWH ZLUG DXVI*KUOLFK LQ YHUVF
(JacoBs & MeyeEr 1992; Kertz ZIKUHQG LQ GHU YRUOLHJHQ((
JRUVFKXQJVVWDQG VHLW GHP %HJLQQ GHV -DKUKXQ(
YRQ HOHNWULVFKHQ :LGHUVWDQGVYHUIDKUHQ ]XU DUF
ZHUGHQ VROO $0V HLQH GHU HUVWHQ GRNXPHQWLH
PLW HOHNWULVFKHQ :LGHUVWDQGVYHUIDKUHQ JHOWHCQ
9LUJLQLD 86% GXUFK HLQ NDQDGLVFKHV 8QWHUQHKPH(
der Prospektion konnten Widerstandsanomalien angesprochen werden, die jedoch
QLFKW GXUFK HLQH NXU] GDUDXI GXUFKJHI*KUWH *UL
'"HPHQWVSUHFKHQG KDQGHOW HV VLFK ]JZzDU XP GLH HUV
9RUKDEHQ DUFKIRORJLVFKH 6WUXNWXUHQ ]X SURVSHN
nicht erfolgreich Bevan ‘'LH HUVWH HUIROJUHLFKH $QZHQC
LVW |-U GDV -DKU ATkERN geaRgQdMrciH digVv Nutzung eines
‘:LGHUVWDQGVPHVVJHUIWHYV PLW HLQHU :HQQHU $QRUG
HLQHU *UXEHQVWUXNWXU LQ 'RURKKERKVWWHU R@ 7&BRHV
HU XQG HU -DKUHQ ZXUGHQ GLH OHVVHJUIWH DQ C
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.DSLWHO (OHNWULVFKH :LGHU\

DUFKIRORJLVFKHQ 3URVSHNWLRQ DQJHSDVVW ZDV YRL
HLQHQ 'DWHQSXQNW Q|WLJHQ OHVV]HLW Il«KUWH

,P 9HUJOHLFK PLW GHQ KHXWH JHQXW]WHQ 3URVSHNMW
GHU HOHNWULVFKHQ :LGHUVWDQGVPHVVXQJHQ IUsK H
YHUEH®S YR WHW DO VHKHQ GLH *UeQGH KLHUI-U YRU
YHUI«JEDUHQ OHVVJHUIWHQ XQG GHU NRVWHQJ*QVWL.
DEHU DXFK GLH HLQIDFKH ,QWHUSUHWDWLRQ GHU OHV
(Scoltar HW DO (LQH VLIQL,{NDQWH HLWHUHQWZLF
GXUFK HLQH QHXH *HQHUDWLRQ YRQ :LGHUVWDQGVPE
+HUYRU]XKHEHQ LVW DQ GLHVHU 6WHOOH YRU DOOHP G
GDV 50JorbpAN D OLWWOHUZHLOH H[LVWLHUW PLW GH
GLH GULWWH *HQHUDWLRQ GLHVHU *HUIWH (LQHQ ZH
GLH VRIJHQDQQWHQ OXOWLSOH[ 6\VWHPH ] % *HRVFDC
JHLWIJOHLFKH OHVVXQJHQ PLW PHKUHUHQ (OHNWURGHQ
=HLWDXIZDQG I|IU HLQH .DUWLHUXQJ YHUULQJHUW ZHUCGC
LVW DXFK GLH (QWZLFNOXQJ PRELOHU 4Sd&RUdtSRO OH)
DO JORDAN E )*U GLH DUFKIRORJLVFKH 3URVSHNWLR
QRFK QLFKW GXUFKJHVHW]W DOOHUGLQJY NRQQWHQ E
SBURVSHNWLRQHQ HUJLHOW ZHUGHQ ZLH GDV %HLVSLHO
LQ JUDQNUHLBdSsUEHEWL D@ '‘DV IU GLH *HOIQGHDU
$XWRPDWLF 5HVLVWLYLW\ 3UR{OLQJ 6\VWHP $53 ZXUG
EHL ODQGZLUWVFKDIWOLFKHQ )UDJHVWHOOXQJHQ HQW
GLHVHP =ZHFN TreeAQH HHWM WO &/ 5HVXOWDW GLHVHU

LPPHU JU|%HUH ]JXVDPPHQKIQJHQGH :LGHUVWDQGVNDL!
) XQGVWEWIMW HW D O GarrNey HW D O GiBson & Georce 2006;

O RouRKE & GiBsoN 2009;ParkyN 2010;HeINZELMANN & JORDAN

,P *HIHQVDW] ]XU LGHUVWDQGVNDUWLHUXQJ PLW P
HOHNWULVFKH :LGHUVWDQGVWRPRJUDSKLH (OHFWULF
(OHFWULFDO ,PDJLQJ (, HLQH VSIWHUH (QWZLFNOXQJ
SBURVSHNWLRQ ]X EHREDFKWHQ 2EZRKO GISIMMOHWKRG

& SAKAYAMA XQG DXFK XU DUFKIRORJLVFKHQ 3URVSH
(ScoLLAr ZLUG GDV 3RWHQWLDO GHU OHWKRGH HUWV\
erkannt NoerL & Xu 1991; GriFriITHs & BARKER 1994;HEess DW DO ZHLO

HUVWHQ I-U JHRORJLVFKH 3URVSHNWLRQHQ HQWZLF
,QYHUVLRQV 6RIWZDUH HLQH HI¢{¢]JLHQWHUH 'DWHQDT:
(UJHEQLVVH HUP|JOLFKW 'LH HOHNWULVFKH :LGHUVWI
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.DSLWHO (OHNWULVFKH :LGHU\

ZHLWHQ 6SDQQEUHLWH YRQ 3URVSHNWLRQV]JLHOHQ DGC
LVW GLH 3URVSHNWLRQ YRQ 6WHLQVWUDONW ZUHQ LQ
PapamarINOPouLOs 2003; Diamantt HW D O DraHOR 2006; HECHT & FASSBNDER
2006; O'RourkE & Giesson 2009; Bonciovanni HW D O ZREHL DXI GLF
VLFKHUOLFK 8QWHUNDWHJRULHQ ZLHTEeokAd HWWID)RQJ YRQ
CarDARELLI & D1 Fiurpo 2009; CozzoLno HW DO RGHU XU 8QWHU\
(UKDOWXQJV]XVWDQGHYV YRQ *EHU GHUSKdBBEMBUAIFKH E
& Preston2010;Sass & ViLEs 2010;TsourLos& TsokAs DQIJHEUDFKW VLQG
6WHLQVWUXNWXUHQ N|QQHQ DXFK GLH PHLVWHQ DQGHL
*UDEKABHNOHW D OCoLLer HW D OTonkov & Loke 2006;ParpaborPouLos
HW DO +RKOUIXPH ZLH XQWHUCAHEEVIF KM *D@IJH >
2010; ELwaseiF & SLaTeErR 2010; ORLANDO XQG *UDEHQ XQG *UXEHQ
(MatTHES 2012; Murbie HW D O BescoBy & Bowpen 2013; Nowaczinski HW DO

PLW GHU OHWKRGH SURVSHNWLHUW ZHUGHQ (LQH
¢QGHW GLH OHWKRGH LQ GHU *HRDUFKIRORJLH *HRPF
TKHPHQEHUHLFKH ZLH GLHH&EKURO HRS KW HRN VIF& X Q J
Naturrisikoforschung@qane HW D OVortr HW D OWiLLersHAuser HW D O
XQG 6HLVPRORJLH X QSBmLOxNNARNY H W HINOZRGQA. MW D O
DEJHGHFNW ZHUGHQ (LQ ZHLWHUHU YLHOYHUVSUHFKHC
=HLW GXUFK GLH $QZHQGXQJ YRQ VFKZLPPHQGHQ (OH
liegende Strukturen prospektiert werden konn€aomiabis HW D O Passaro

1HEHQ GHU NODVVLVFKHQ ' $QZHQGXQJ GHU OHWE

HU -DKUHQ HUVWH $QVIW]H XU 1XDWepX GHHIWYRQ ' 7RPR

Mauriecco HW D O =XP KHXWLJHQ =HLWSXQNW ZLUG GLI
YRQ )UDJHVWHOOXQJHQ PLW NRPSOH[HQ RGHU PHKUSE
angewendetArcoteEspino HW D OLeucct HW D OTsokas HW DO

'LH ]XU DUFKIRORJLVFKHQ 3URVSHNWLRQ DQJHZHQGH
VWHKHQ QDWXUJHPI% LQ .RQNXUUHQ] ]XHLQDQGHU G
$UEHLW ]XP (UKDOW HLQHV (UJHEQLVVHV PLW PD[LPDO!
'HU 6WHOOHQZHUW HLQHU OHWKRGH OIVVW VLFK PLW
XQG 3XEOLNDWLRQHQ HUIDVVHQ ,Q (XURSD H[LVWLH
7UHQG ]XU ]JHQWUDOHQ (UIDVVXQJ DUFKIRORJLVFKHU :
'‘DWHQEDQNHQ GHV (QJOLVK +HULWDJH 7KH (QJOLVK
'DWDEDVH XQG GHU %RXUQHPRXWK 8QLYHUVLW\ $UFF
ZLHGHUVSLHJHOW 'LH 'DWHQEDQN GHV (QJOLVK +HUL\
3URMHNW 'DWHQEDQN I+U 6FKRWWODQG [XVDPPHQJHI:
'DWHQEDQN I+U *UR%EULWDQQLHQ ,Q GHU 'DWHQEDQN
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.DSLWHO (OHNWULVFKH :LGHU\

S3URVSHNWLRQHQ VHLW GHQ HU -DKUHQ $EELOG
$QWHLO GHU OHWKRGHQ DQ GHQ *HVDPWSURVSHNWLR
-DKUHV ,QWHUYDOOHQ I+U GHQ =HLWUDXP YRQ EL\
LVW GLH HOHNWULVFKH :LGHUVWDQGVNDUWLHUXQJ QD
JHQXW]WH OHWKRGH $E NHKUW VLFK GHU ]XYRU ‘!
XQG ELV KDW VLFK GLH SURJHQWXDOH 1XW]XQJ GH
IKQOLFKH (QWZLFNOXQJ LVW IsU DOOH ZHLWHUHQ OH
1XW]XQJ GHU O0DJQHWRPHWHU 3URVSHNWLRQHQ VWDUN
GHU DXIJHQRPPHQHQ 3URVSHNWLRQHQ PLW GLHVHU 0O
$QVWLHJ GHU ODJQHWRPHWHU 1XW]XQJ LQ *UR%EULWD (
%HK|UGHQ ]XU*FN]XIKUHQ GDVV DOOH 3URVSHNWLRQH
GXUFKJHIsKUW ZHUGHQ LQ GHU 'DWHQEDQN GRNXPHC
KDXSWVIFKOLFK XP GLH $UEHLW NRPPHUJLHOOHU )LUPH
OHWKRGH ]XU VFKQHOOVWP|JOLFKHQ $EGHFNXQJ JUR%
VLFK XP ODJQHWRPHWHU 6\WWHPH PLW PHKUHUHQ 6H(
UHSUIVHQWLHUW GDPLW KDXSWVIFKOLFK NRPPHUJLHOO
OHWKRGHQ 'DEHL ZLUG GLH $UEHLW YRQ QLFKW NRPPH
XQG DUFKIRORJLVFKHQ 9HUHLQHQ GLH DXFK DQGHUH
JHULQJHQ 3UR]JHQWVDW] LQ GHU 'DWHQEDQN YHUWUHMW
'LGHUVWDQGVWRPRJUDSKLH LVW [XGHP UHODWLY JHULC
PHLVWHQV AIFKHQKDIWH .DUWLHUXQJHQ JHIUDJW VLQG

Abbildung 2-4: 9HUZHQGXQJ GHU YHUVFKLHGHQHQ 3URVSHNWLRQVPHWKI
*UXQGODJH GHU (QJOLVK +HULWDJH *HRSK\VLFDO 6XUYH\ 'DWDEDVF
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.DSLWHO (OHNWULVFKH :LGHU\

5HIJILRQDOH ,QWHUSUHWDWLRQHQ GHU OHWKRGHQQXW]>
GHU QDWXUUIXPOLFKHQ *HJHEHGrEaK LW HQ B WoW 1D [E\K SVLHHW
YRQ *UR%EULWDQQLHQ VSLHOW YRU DOOHP GLH KRKH
HLQH HQRUPH 5ROOH 5HVXOWDW LVW HLQ UHODWLY Ji
%YRGHQUDGDU (LQH hEHUVLFKW <EHU GDV )RUVFKXQJ
GHU LP )DFKMRXUQDO $UFKDHRORJLFDO 3URVSHFWLRQ
HLQHQ ]XYHUOIVVLIHQ 'DWHQVDW] ]X HUKDOWHQ ZXUCGC
GLH $QZHQGXQJHQ GHU OHWKRGH ]XVDPPHQJHIDVVW

JHVWHLJHUWHY )RUVFKXQJVLQWHUHVVH DQ %RGHQUDG
]X EHDFKWHQ LVW GDVV EHLGHQ OHWKRGHQ HLQH 6R:
weitere interessante Entwicklung ist das gesteigerte Interesse an elektromagnetischen

OHWKRGHQ VHLW IHUPXWOLFK OLHJHQ GLH *U-QGI
JOIFKHQDEGHFNXQJ GHU OHWKRGH VRZLH GHQ JXWHQ (L
%|GHQ 'LH $Q]DKO GHU 3XEOLNDWLRQHQ LQ GHQHQ Gl
WKHPDWLVLHUW ZLUG KDW VHLW NRQWLQXLHUOLI
VHLW GHP =HLWUDXP JZLVFKHQ ELMroaNn  EHE HLQ
YHUPXWHWH JHVWHLJHUWH )RUVFKXQJVLQWHUHVVH DQ
YRQ PRELOHQ 4XDGULSRO OHVVV\VWHPHQ ZLUG QLFK
'LGHUVWDQGVWRPRJUDSKLH KLQJHJHQ LVW DXI *UXQG
EHOLHEWHYVY )RUVFKXQJVREMHNW ,Q MHGHP GHU EHW!I
]ZLVFEKHQ XQG GHU B3URVSHNWLRQHQ PLW GHU OHWI
VLFK QDFK GHU ODIQHWRPHWULH XQG GHP %RGHQUDGD

Abbildung 2-5: BUR]JHQWXDOH 9HUWHLOXQJ GHU XQWHUVXFKWHQ 3URVSHN
$UFKDHRORJLFDO 3URVSHFWLRQ 4XHOOH ,QWHUQDWLRQDO 6RFLHW\ IR
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.DSLWHO 'HU HOHNWULVFK

3 Der elektrische Widerstand von B6den und archéologischen
Strukturen

'HU ! E]Z GLH 1 YRQ %|GHQ XQG DUFKIRORJLVFKHQ
HLQHU .RPELQDWLRQ VYHUVFKLHGHQHU ERGHQSK\VLI
EigenschaftenS§amouéLian HW DO ,Q %|GHQ ¢QGHW GHU 6WU!
GXUFK GDV %RGHQZDVVHU XQG GLH GDULQ EH¢{QGOLFI
(LQAXVV HLQHV HOHNWULVFKHQ )HO G H \RHtaBesYHRWE HD@ D X V
1999; JorDAN D '"HPQDFK VWHOOW GLH $Q]JDKO XQG .RQC
S3RUHQ VRZLH GLH .RQJHQWUDWLRQ DQ JHO|VWHQ ,RQF
)DNWRU EHL GHU $XVELOG X QBrREGAN2005YRMQUEL) GHQ GDU
DO 'LH ORELOLWIW GHU ,RQHQ YHUIQGHUW VLFK
ZLUNW VLFK GDPLW DXI| @i ! YIRQ (BbQGHHRQHDWWHUH 0]|JO!
GHV 6WURPAXVVHV GXUFK %|GHQ HUJLEW VLFK GXUFK
GHQ JHODGHQHQ 2EHUAIFK HR®BERYSRO WIRIGRILQHUDOHQ

'HU :DVVHUJHKDOW XQG GLH .RQQHNWLYLWIW YRQ zZD'
GLH %RGHQVWUXNWXU EHVWLPPW ZREHL ODNUR XQ
sind (ScHAcHTscHABEL HW DO IHUIQGHUXQJHQ GHU %R
TURFNQXQJVSUR]JHVVH RGHU DQWKURSRJHQH 6W|UXQJH(
NIQQHQ ]XU 9HUIQGHUXQJ GHU %RGHQVWUXNWXU XQG |
(S.cer HW DO

FRIEDMAN XQWHUWHLOW GLHVH %RGHQHLIJHQVFKDIWHQ

X *UXSSH EHVWHKW DXV )DNWRUHQ GHUHQ (LQ:
YROXPHWULVFKH $XVSUIJXQJ YHUIQGHUOLFK LVW
:DVVHUJHKDOW XQG 6WUXNWXU

X *UXSSH EHVWHKW DXV GHQ )DNWRUHQ GHU IH
. RUQJIU|[%HQYHUWHLOXQJ .DWLRQHQDXVWDXVFKND

X *UXSSH EHVFKUHLEW GLH (LJHQVFKDIWHQ GH
,RQHQNRQJHQWUDWLRQ =XVDPPHQVHW]XQJ GHU .DW

(LQ GHU %RGHQVWUXNWXU QDKHVWHKHQGHU )DNWRU L
PLW DUFKIRORJLVFKHQ )XQGVWHOOHQ VLQG DXFK

EHU«FNVLFKWLJHQ 6LH VWHOOHQ LP %RGHQ ,QNOXVL
HOHNWULVFKH :LGHUVWDQGVPHVVXQJHQ KRPRJHQLVLHI
KDEHQ GLH ,OQNOXVLRQHQ HLQHQ (LQRXVWWDRD GHQ *H)
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.DSLWHO 'HU HOHNWULVFK

'LH ]XP ! YRQ %|GHQ EHLWUDJHQGHQ 3DUDPHWHU VLQG
LKUHV %HLWUDJHV ZLUG MHGRFK LQ PDQFKHQ )IOOHQ
LOQWHUSUHWLHUW ,Q GHU YRUOLHJHQGHQ $UEHLW VWH
LQ DUFKIRORJLVFKHQ *UDEXQJHQ XQG LKUH $QDO\VH
JHRDUFKIRORJLVFKH 7HFKQLNHQ LP 9RUGHUJUXQG XP
HOHNWULVFKH :LGHUVWDQGVPRGHOOH ]X HUKDOWHQ

3DUDPHWHUQ GLH HLQHU VDLVRQDOHQ RGHU ODQJIULV!

3.1 Wassergehalt

'LH %H]LHKXQJ ]ZLVFKHQ :DVVHUJHKDOW XQG ! YRQ %]|C
GXUFK GLH $W\EHEWHQ PRQZDVVHUJHVIWWLIWHQ 6DQGV
XQG TXDQWL¢]JLHUW 'LH :DVVHUVIWWLJIXQJ YRQ %|GHQ
9LHO]DKO NRQWLQXLHUOLFKHU 3IDGH PLW KRKHU HOHN
HOQWVWHKHQ GLH PD%JHEOLFK GLH HOHNWULVFKH .
EHHLQAXVVHQ %HVRQGHUHQ $XVGUXFN HUKIOW GLH
LP %RGHQ GXUFK GDV /HLWRHdtded NHHWW WIS RQ]HSWEWR QG
ZDVVHUJHIsOOWH ODNURSRUHQ HLQHQ YRQ ]ZHL GRPL

'DV %RGHQZDVVHU ZLUG DOV GDV :DVVHU GH¢QLHUW
YRP %RGHQ JHW U H (SOMHTEMAIES HHQV NDAD Q P =XVDPPHC
PLW HOHNWULVFKHQ :LGHUVWDQGVPHVVXQJHQ LVW HLC
$QJDEH GHV :DVVHUJHKDOWHY QRWZHQGLJ XP HLQH 9
HUP|JOLFKHQ *HEUIXFKOLFK LVW GLH $QJDEH GHV YRC
'HU :DVVHUJHKDOW YRQ %|GHQ NDQQ QLFKW DOV VWDW
GHU :DVVHUKDXVKDOW GXUFK GLH MDKUHV]HLWOLFK JH
YRQ %RGHQZDVVHU LQ WLHIHUOLHJHQGH JHRORJLVF
NRQWLQXLHUOLFK DEODXIHQGH®RH3HIR]AEY VHIWW | DIB DEKIQJ
'HU YROXPHWULVFKH :DVVHUJHKDOW LP %RGHQ XQWHUC
SUIVHQWLHUWHQ ERGHQSK\VLNDOLVFKHQ XQG ERGHOQF
MDKUHV]HLWOLFKHQ 9HUIQGHUXQJ

'LH HOHNWULVFKH /HLWIIKLINHLW GXUFK GLH AeVVLJH :
$QWHLO GHV %YRGHQZDVVHUV LP 3RUHQYROXPHQ GHV %
GHV %RGHQV HUJLEW DOGHUHUVHLWY DXFK GXUFK GLI
,Q GLHVHP )DOO HUJLEW VLFK GLH 4XDOLWIW GXUFK Gl
]XU HOHNWURO\WLVFKHQ /HLWIIKLIJINHLW EHLWUDJHQ .C
/IHLWIIKLINHLW DXVVFKODJJHEHQGH ORELOLWIW GHU LP
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.DSLWHO '"HU HOHNWULVFK

7THPSHUDWXU EHHLQ SxMKMW HINSDWHO

=XVIW]OLFK PXVV EHU<FNVLFKWLJW ZHUGHQ ZLH GDV
ZLUG =XP HLQHQ EH¢;QGHW VLFK :DVVHU PHKU RGHU Z}
%RGHQV ]XP DQGHUHQ NDQQ :DVVHU DXFK LQ GHQ OL
SK\WWLVFKH 3URJHVVH VWJldgdti U JB EXQ@ G HSOHEOERMANG

EHVFKUHLEHQ GHQ %HLWUDJ YRQ .DSLOODUZDVV}H
]XU HOHNWULVFKHQ /HLWIIKLINHLW DOV JOHLFKEHGHXW
GHV +DIWZDVVHUV ]XU GLHOHNWULVFKHQ /HLWIIKLIJNHL
GHV %RGHQZDVVHUV ZHUGHQ DXFK Ru@oeS HHQV 7RO Q VI H U I X
DXIJHJULIIHQ

'LH %H]JLHKXQJ ]ZLVFKHQ :DVVHUJHKDOW XQG HOHNW!
URXWLQHPI%LJ ]XU $EOHLWXQJ GHV :DVVHUJHKDOWF
'LGHUVWDQGVPHVVXQJHQ KHUDQJH]RJHQ XQG DOV
8QWHUJUXQGHV EHL EDXWHFKQLVFKHQ XQG ODQGZLUW

(ScHwartz HW D OBRUNET HW D OGARRE HW D OCHRETIEN HW D O 'HU
(LQAXVV GHV :DVVHUJHKDOWHY DXI HOHNWULVFKH :LGH!I
Prospektion wurde zwar diskutiertHgsse E Scoltar HW DO Ciark

ELVODQJ MHGRFK QXU LQ VHOWHQHQ )IOOHQ <EH!L
ZHLW H U Yddd4N ROO9RWRY HW D OFry

3.2 Bodenstruktur

BQWHU %RGHQVWUXNWXU ZLUG GLH UIXPOLFKH $QRUC
YHUVWDQGHQ 'LH %YRGHQVWUXNWXU NDQQ LQ YHUVFKI
]XP HLQHQ GHP RSWLVFK OHLFKW DQVSUHFKEDUHQ ODNI
9HUJU|% HUXQJ VLFKWSEtHrQiadEL MWR DKDBEdER HW D O

'LH $XVSUIJXQJ GHU %YRGHQVWUXNWXU UHLFKW YRQ (L¢
*EHU UHODWLY XQJHJOLHGHUWH .RKIUHQWJHI«JH ELV

JRUPHQ YRQ $JJUHJIJDWJHI«JHQ GLH HLQH 9LHO]DKO
umfassen konnernS¢HacHtscHaBEL HW D O %HVRQGHUV LQ 3AXJK
%RGHQVWUXNWXU GXUFK GLH PHFKDQLVFKH %HDQVSU)
ZDV HLQ 3UREOHP EHL GHU UHSUIVHQWDWLYHQ %HSURE
GDUVWHOOW %HL HLQHU ]JX NOHLQHQ 3UREHQPHQJH

%YRGHQSUREH LP %RGHQSUR¢{O LVW QXU HLQH JHULQJ
PLW %H]XJ DXI GLH %RGHQVWUXNWXU JHJHEHQ 'LH LC
5HSUHVHQWDWLYH (OHPH®WDHUY WLRIOPKPH BHYQ EHL HLQ
NHLQH VLJQL¢{NDQWH O9HUIQGHUXQJ GHV :HUWHV I-U
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EHREDFKWHW BEKRUGHQ NDQQ

Besson HW DO EHVFKUHLEHQ GHQ (LQAXVV YRQ DQ
%RGHQV GXUFK ODQGZLUWVFKDIWOLFKH ODVFKLQHQ D
%RGHQV 'LH YHUGLFKWHWHQ %HUHLFKH XQWHU ODQ
HLQHQ QLHGULJHUHQ ! DOV GLH SRU|VHUHQ %HUHLFK|
YROXPHWULVFKHP :DVVHUJHKDOW XQG 6DOLQLWIW

=XVDPPHQKDQJ PLW GHU /DJHUXQJVGLFKWH GLH LQ G
BWUXNWXU KHUD @bk RIVH ® OZXUGHYHUZHQGHQ (OHNWUF
PLW NOHLQHQ (OHNWURGHQDEVWIQGHQ ]XU 3URVSH
ODQGZLUWVFKDIWOLFKHQ 3AXJKRUL]JRQWHQ GLH VLF
GXUFK GLH BWUXNWXU DEJUHQ]HQ (LQH JUR%AIFKLJH ¢
%RGHQV NDQQ DXV DUFKIRORJLVFKHU 6LFKW P|JOLF
3URVSHNWLRQVHUJHEQLVVH YRQ HOHNWULVFKHQ :L
Z H U Glbk@W D YHUJOHLFKW ]ZHL 3URVSHNWLRQVAIFKH
YHUGLFKWHWHQ 3URVSHNWLRQVAIFKH EHVVHUH (UJHEQL

,Q GHQ 3HGRWUDQVIHU )XQNWLRQHQ ]XU %HUHFKQXQJ
%RGHQV ALH%W GLH %RGHQVWUXN WXAbeH BW ZBIGHU DOV
oder Porositdt ArRcHE 1942; WaxmMAN & Smits 1968;Sen HW DO HLQ +LH
PXVV HUQHXW DXl GLH 9HUNQ-*SIXQJ ]JZLVFKHQ HOHNWUTF
LP BRUHQUDXP XQG GHU %RGHQVWUXNWXU KLQJHZLHVE
MDKUHV]J]HLWOLFK JHVWHXHUWHQ 9HUIQGHUXQJ XQWHU
%|GHQ NRPPW HV MH QDFK :DVVHUKDXVKDOW ]XU $XV
GHP $XITXHOOHQ YRQ 7RQPLQHUDOHQ ZRGXUFK GLH
GLH 6WUXNWXU XQG .RQQHNWLYLWIW GHU HOHNWULVF
ODNURSRUHQ QDFKKDOWLJ YHUIQGHUW ZHUGHQ NDQQ

3.3 Bodenskelett

'LH +HWHURJHQLWIW YRQ %|GHQ LVW QLFKW DXVVFK
JHLQERGHQV EHJU*QGHW 9LHOH %|GHQ YRU DOOHP LQ
JUREN|UQLJH 6HGLPHQWH DOV $XVJDQJVPDWHULDO GH
*EHU HLQ DXVJHSUIJWHV %RGHQV SddOHsdiAbEL 'MWV B 00 D X

PLQHUDOLVFKHQ %HVWDQGWHLOH PLW .RUQJU|% H
JUSHU PLW KRKHP ! GDU ZDV MH QDFK *U|%H GHU ,QN
GHV %RGHQYRREXPHV) D ®&DW NRQQWHQ H[SHULPHQWH
GLH HOHNWULVFKH :LGHUVWDQGVWRPRJUDSKLH (57
%RGHQVNHOHWWDQWHLOHQ YRQ NRUUHNW KRPRJHQ
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%HL GHU %HUHFKQXQJ GHV (LQAXVVHV YRQ ,QNOXVLI
KIX¢Jd DXI GLH U JHRORJLVFKH J)UDJHVWHOOXQJHQ H
GHQ HOHNWULVFK LVROLHUHQGHQ )HVWEHVWDQGWHLC
3RUHQUDXP EH¢{QGOLFKHQ OHLWIIKLAREH® )OsVVLBNHLW
PHLVWHQ :HLWHUHQWZLFNOXQJHQ AREHE MKW IQWD X | DGSLLNWHH

%HL DUFKIRORJLVFKHQ )XQGVWHOOHQ LVW GLH +HWHL
,QNOXVLRQHQ QRFK HLQPDO GLIIHUHQ]JLHUWHU ]X EHWU
,ONOXVLRQHQ DXV GHP $XVJDQJVJHVWHLQ NRPPHQ O
=LHJHOEUXFK G6WHLQPDWHULDO DXV ODXHUVWUXNWXUF
UHODWLY XQUHJIHOPI%LJ LP %RGHQ YHUWHLOW VLQG
HLQJHEUDFKWH ,QNOXVLRQHQ ] % .HUD PGORbBERQ]HQWU |
& MACPHAIL %HL GHU %HWUDFKWXQJ YRQ EHVWLPPWH{
.RPELQDWLRQ YRQ ,QNOXVLRQHQ XQG )HLQERGHQ HLQF
'LH $QQDKPH HV KDQGOH VLFK EHL HLQHU ODXHUVWUX]
6LFKW KRPRJHQHQ .|[USHU LVW LQ PDQFKHQ )IOOHQ QLF

3.4 Textur

'LH 7H[WXU GHV %RGHQV VWHOOW HLQHQ GLUHNWHQ
YRQ %|GHQ GDU XQG NDQQ ]XU &KDUDNWHULVLHUXQJ
JHLWIIKLINHLW KHUDQJH]RJHQ ZHUGHQ :LH LQ .DS
6FKLFKWAIFKHQOHLWIIKLINHLW HQWODQJ GHU 2EHUAII
SURJHQWXDOHU $QWHLO DP %RGHQYROXPHQ GXUFK C
ZHUGHQ NDQQ XQG LQ GHRHORIEDIQW IBOIXQNW LHR@ I FGR P L
5ROOH VSLHOW $X%HUGHP VWHKW GLH 7H[WXU LQ HLQ
3RURVLWIW XQG $XVELOGXQJ YHUVFKLHGHQHU JHRPH\
VSLHOW GLH *HRPHWULH GHU HLQ]HOQHQ .RPSRQHQWH
PLQHUDOLVFKHQ %HVWDQGWHLOH HLQH 5ROOH EHL
JHLWIIKLINHLW HLQHV MdR&MEKWHQ OHGLXPV

3.5 Salinitat

'LH GXUFK JHO|VWH 6DO]H LP %RGHQZDVVHU KHUYRUJH
LVW HLQ PD%JHEOLFKHU )DNWRU I+U GLHFHENWULVFI
'"HU %HJULII 6DOLQLWIW EH]JLHKW VLFK DXI GLH
DQRUJDQLVFKHQ 6XEVWDQ]JHQ LP %RGHQzZDVVHU VRZLH
LP %RGHQ ZLH ] % IDWULXP ODIJQHVLXP &DOFLXP
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+\GURJHQFDUERQDWH 1 IRWAbBWHN XX &DUERGDXAHIHO|VW
VWHKHQ LP =XVDPPHQKDQJ PLW GHU .DW L R@bigD XVWD X'

GLH VLFK DXV 7RQJHKDOW $XIEDX GHU 7RQPLQHUD
LP %RGHQ StiAddrkdEMe. HW DO 'XUFK GLHVHQ (IIHNW
6FKLFKWAIFKHQOHLWIIKLINHLW DQ GHQ JHODB&GH&®HQ 2EHL

Cosenza

'LH $QZHVHQKHLW YRQ JHO|VWHQ 6DO]JHQ LP %RGHQZC
HLQHU QDW+UOLFKHQ H[WHUQHQ =XIXKU <EHU GDV 5H
%HZIVVHUXQJVV\WWHPH $EHU DXFK GXUFK GDV DQ!
PDULQH $EODJHUXQJHQ N|QQHQ 6DO]JH GXUFK 9HUZLYV
(ScHacHTscHABEL HW D O 'XUFK GHQ VWHLJHQGHQ %HGLE
PeVVHQ LPPHU PHKU )OIFKHQ GXUFK %HZIVVHUXQJ ODUC
ZHUGHQ 'LH %HZIVVHUXQJ I+KUW GD]X GDVV GHP %RC
ZHUGHQ GLH EHL HLQHU VFKOHFKWHQ (QWZIVVHUXQ
OHUVFKOHFKWHUXQJ GHWRHAHARSHQTHOOLWIW ' D KB HWDF K H (
JHLWIIKLINHLW GHV %RGHQZDVVHUV XQG GHU 6DOLQL
NDQQ GLH OHVVXQJ GHU HOHNWULVFKHQ /HLWIIKLIJNHIL
DQJHZHQGHW ZHUGHQ XP JHIIKUGHWH 9HUVDO]XQJVEF
(QWZIVVHUXQJVV\VWHPH RE@2dgD KXW ] R OUGHEd LEHILESdQ

([ WUHPH )IOOH YRQ 6DOLQLWIW LQ %|GHQ VLQG YRU
%HZIVVHUXQJ XQG JOHLFK]JHLWLJ KRE#WW & YEBERUDWLR
+LHU NRPPW HV XU $XVELOGXQJ YRQ 6RORQFKDI
GHU 2EHUAIFKH RGHU 6DO]J]DQUHLFKHUXQJHQ LQ GHQ
(ScHAcHTscHABEL. HW DO (LQH MIKUOLFKH 9DULDWLRQ GH
ELVODQJ QXU LQ NeVWHQQDKHQ *HELHWHQ Hod¢s\t KRKHP
HW DOHE HW DO RGHU ODQGZLUWVFKDIWOLFK EHZI\
(AkearR HW DO QDFKJHZLHVHQ ZHUGHQ ,Q OLWWHOHX
an kustenfernen Standorten nur gering ausgepragt und unterliegt keiner nennenswerten
VDLVRQDOHQ 9DULDELOLWIW DXVJHQRPPHQ HLQLJH ¢
%HFNHQODJHQ LQ 8Q)DDUQHMWQBO5XPIQLHQ

3.6 Temperatur

'"HU ! YRQ %|GHQ ZLUG GXUFK GLH %RGHQWHPSHUDW)
7THPSHUDWXU GLH ORELOLWIW YRQ ,RQHQ LP %RGHQZDV
der elektrischen Leitfahigkeit fuhrtS{moveLan HW DO ,Q %|GHQ ND
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9HUIQGHUXQJ GHU 7HPSHUDWXU LQ ]ZHL JHLWOLFKHQ
jahrlich Hesse ESamoueLian HW DO 'LH WIJOLFKH 9DULDWL
,QWHQVLWIW GHU 6RQQHQHLQVWUDKOXQJ JHEXQGHQ XGC
am frihen NachmittagHEsse EScoltar HW DO ,Q GHQ REHUHQ
%YRGHQSUR¢{OV LVW GLH VWIUNVWH WIJOLFKH 7HPSHUDMW
PLW JXQHKPHQ GddAdHTEtHBEHHME D OBrRevik HW DO '"HU (IIH
GHU WIJOLFKHQ 7HPSHUDWXUYHUIQGHUXQJ DXI GHQ ! Y
YHUQDFKOIVVLJEDU QBr&kid HZWHINVOGIQ ZHU &GHQ@ GHU 9HUZH
NRQYHQWLRQHOOHQ (OHNWURGHQDEVWIQGHQ XQG HLQ
GXUFK DUFKIRORJLVFKH 6WUXNWXUHQ YHUXUVDFKWHQ
DUFKIRORJLVFKHQ 3URVSHNWLRQ JHULQJ ZRQGRBIHPHQWYV
DO

‘'LH MDKUHV]J]HLWOLFKH 9HUIQGHUXQJ GHU %RGHQWH
(LQGULQJWLHIH VWIUNHU DXVJHSUIJW Seh&Msdaedd WDJIHYV
HW DO 'HU (IITHNW GLHVHU ODQJIULVWLJHQ 9HUIQ
GHPHQWVSUHFKHQG JU|%HU XQG PXVV EHL GHU 30DQX(
'LGHUVWDQGVNDUWLHUXQJHQ ]XU DUFKIRORJLVFKHQ

(Hes= EScoLLar HW DO 'HU MIKUOLFKH 7THPSHUDWXU.
WIJOLFKH 7HPSHUDWXUJDQJ VLQXVI|UPLJ DXVJHSUIJW
D EScHacHTscHaBer HW D O (U ZLUG GXUFK GDV WKHUPLVF

GHV %RGHQV ORNDO EHHLQAXVVW GDV ZLHGHUXP L
%WRGHQVWUXNWXU .RUQJIU| % H :-DVVHUJHKDOW + X P X
(ScHacHTscHABEL HW D OCLARK 1990;AALTONEN

(LQH EHVRQGHUH 5RO0OH EHL GHU %HXUWHLOXQJ YRQ
QHKPHQ H[WUHP QLHGULJH %RGHQWHPSHUDWXUHQ X
ORELOLWIW GHU ,RQHQ LP %RGHQZDVVHU QLPPW E
$JJUHIJDW]XVWDQG UDSLGH DE ZDV GHQ 6WURPAXVV
einschrankt Kless 1966; Scoo,ar HW DO %HL :LGHUVWDQG
l*KUW HLQ GXUFK (LV LQ GHQ REHUHQ %RGHQVFKLFI
HLQHU ODVNLHUXQJ YRQ :LGHUVWDQGVDQRPDOLHQ XC
Hintergrundrauschen€(ark

'HU (LQAXVV YRQ 7HPSHUDWXUYHUIQGHUXQJHQ DXI
YRQ %|GHQ LVW LP 9HUJOHLFK PLW DQGHUHQ VDLVRC
%RGHQZDVVHU XQG GHU %RGHQVWUXNWXU QXU VFK?Z
ZLH (YDSRUDWLRQ XQG GLH %LOGXQJ YRQ 7URFNHQU
DEHU HLQHQ HQWJHJHQJHVHW]WHQ (LQAXVV DXl GH
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GHU %RGHQWHPSHUDWXU GXUFK ORQLWRULQJ LP *H

werden CLArRk 1990; JoRDAN D 8QOWHU NRQWUROOLHUWHQ /D
ZDVVHUJHVIWWLJWHQ 3UREHQ NDQQ GHU (LQAXVV YF
HYDOXLHUB¥YssahHH @HIQO MHGRFK LVW GHU ZDVVHU

%RGHQV LP *HOIQGH QXU SKDVHQZHLVH ZIKUHQG OIQJ
LQ GHQ :LQWHUPRQDWHQ DQJXWUHIIHQ %HL XQJHVIWW
]ZLVFKHQ ! XQG 7HPSHUDWXU NRPSOH[HU GD EHL
%HGHXWXQJ GHU 6FKLFKWAIFKHQOHLWIIKLINHLW DQ
EHL GHQ PHLVWHQ RUPHOQ ]XU 7HPSHUDWONRUUHN
HW DO

'"HU (LQAXVV YRQ 7HPSHUDWXUYHUIQGHUXQJHQ DXI G
Widerstandskartierungen wird weitestgehend als ernstzunehmender Parameter

DQJHQRPPHQ MHGRFK H[LVWLHUHQ XQWHUVFKLHGOL
$ XV P D %Gk YHUZHLVW DXI GLH 3UREOHPH EHL %RC
GHQ REHUAIFKHQQDKHQ 7HPSHUDWXUYHUIQGHUXQJHQ C
LP 9HUJOHLFK PLW GHU %HGHXWXQJ GHV %RGHQZDVVH
LQ GHQ +LQWHUJUXQG WULWW DbKQOLFKH 6FKOXVVIRO.
(UJHEQLVVH GHV LQWHQVLYHQ ORQLWRULQJV YRQ DU
GHV '$57 3URM HNWD OFry ScotaAr HW DO PHUNW ]X
DQ GDVV GLH PHLVWHQ DUFKIRORJLVFKHQ B6WUXNWXU
THPSHUDWXUYHUIQGHUXQJ QXU ODQJVDP XQG PLW JHL
HLQHP JHULQJHQ (LQAXVV GHU 7HPSHUDWXU LQ GHU DI
HOHNWULVFKHQ :LGHUVWDQG KLQGHXWHW *OHLFK]JHL\
GDVV EHL GHQ HOHNWULVFKHQ :LGHUVWDQGVPHVVXQ.
(OHNWURGHQ DQ GHU (UGREHUAIFKH GXUFKJHIKUW ZL
:LGHUVWDQGVPHVVXQJHQ DQ GHQ DUFKIRORJLVFKHQ 6
OHVVXQJHQ LQMWMHIULHUHQ GHPHQWVSUHFKHQG GLH 7HF
2EHUAIFKH LQ GHQ *HVDPWZLGHUVWDQ Gcdila¥ HXW DPRD[LP

'LH 3UREOHPDWLN GHV 7HPSHUDWXUHLQAXVVHVY DXI| GLI
EHL ERGHQNXQGOLFKHQ $QZHQGXQJHQ GHU OHWKRGH
DEJHOHLWHWH 7UDQVIHUIXQNWLRQHQ 5*FNVFKO*VVH YF
DXI ERGHQSK\VLNDOLVFKH XQG ERGHQFKHPLVFKH 3DUDI
GXUFKJHI*KUW ZHUGHQ V8N &DSlrdNV1968; RHoADES et

DO )»U GLHVH SUEHLWHQ ZXUGHQ )RUPHOQ ]XU
‘LGHUVWDQGVPHVVXQJHQ DXI HLQH 5HIHUHQJWHPSHUD)
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YHUHLQIDFKW HLQH (UK|KXQJ GHU HOHNWULVFKHQ /HL
THPSHUDWXUD QV WdLIER] & BFRIddHNEEHD 19€H; RHoabEs HW D O
Besson HW DO

3.7 Saisonal variable Parameter

'LH (LQAXVV GHU EHVFKULHEHQHQ SK\VLNDOLVFKHQ X
SURVSHNWLRQVHUJHEQLVVH YRQ HOHNWULVFKHQ :LGHU
$EOHLWXQJ YRQ LGHDOHQ 3URVSHNWLRQVEHGLQJXQJH
YRQ ZLHGHUKROWHQ *HOIQGHPHVVXQJHQ XQG HWW
CHaLABl & REees 1962: Hess 1966a;Hess= ECLARK (LQH GHWDLOO
=XVDPPHQIDVVXQJ XQG $QDO\VWRr GLHVHHIBQ&R&B QHODHN B ¢
'LHVH 8QWHUVXFKXQJHQ EHVFKUIQNHQ VLFK KIX¢J DX
ZLH 1LHGHUVFKODJ XQG 7THPSHUDWXU XQG EHUHFKQH
+LQZHLYVY DXI GHQ :DVVHUKDXVKDOW LP %YRGHQ KHUDQJ
KIX¢J DEHU GLH WDWVIFKOLFKH 9HUWHLOXQJ GHV YRO
GHU VLFK QLFKW RKQH ZHLWHUHY QXU DXV :HWWHUEHF

~«QJHUH $QVIW]H NRPELQLHUHQ GLH ZLHGHUKROWHC
LQWHQVLYHQ ORQLWRULQJ GHU SK\WLNDOLVFKHQ XQ:
GLH OHVVXQJ GHV :DVVHUJHKDOWYV GXUFK LQ DUFKIR
LQVWDOOLHUWHQ 7'5 6HQVRUHQ Bo®et HRWDDQ 5HAHF
Fry 'LH 7'5 BHQVRUHQ HUODXEHQ <EHU GLH OHVV
KRFKIUHTXHQWHQ HOHNWURPDJQHWLVFKHQ ,PSXOVH(
JHLWIIKLINHLW XQG 'LHOHNWUL]JLWIWVNRQVWDQWH ZR
ZHUGHQ NDQQ 3UREOHPDWLVFK LVW MHGHQIDOOV GLI
LQ %RGHQSUR:;OHQ XQG DUFKIRORJLVFKHQ 6WUXNW!
GHU B6WUXNWXU KHUYRUUXIW GLH P|JOLFKHUZHLVH
%RGHQSUR:O EHHLRRAXVHMH® N|QQWH'LH ,QVWDOODWL!
LQ VWHLQLJHQ %|GHQ RGHU BWHLQVWUXNWXUHQ LVW
IHKOHUKDIWHQ OHMWXEWHRO«KUHQ

*HQHUHOO HUODXEHQ GLHVH 6WXGLHQ ]ZDU VHKU JHC
YRQ %|GHQ XQG DUFKIRORJLVFKHQ 6WUXNWXUHQ PLW
YRQ SK\VLNDOLVFKHQ XQG FKHPLVFKHQ 3DUDPHWHUQ
GLH MHZHLOV XQWHUVXFKWHQ )DOOEHLVSLHOH XQG
)XQGVWHOOHQ XQG 6WUXNWXUHQ *EHUWUDJHQ
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4 Methoden zur Analyse des elektrischen Widerstandes von Béden
und archéologischen Strukturen

=XVIW]JOLFK ]X GHQ LQ .DSLWHO EHVFKULHEHQHQ HOHNYV
ZHLWHUH OHWKRGHQ XU %HVWLPPXQJ GHV ! YRQ %|GHC
DQIHZHQGHW 'LH OHWKRGHQ VWDPPHQ DXV XQWHUVFKLH
%WRGHQNXQGH *HRSK\VLN *HRDUFKIRORJLH XQG *HRORJL

(OHNWULVFKH :LGHUVWDQGVPHVVXQJHQ DQ
Bodenproben

=XU OHVVXQJ GHV ! YRQ XQJHVW|UWHQ %RGHQSUREHQ
*UXQGOHJHQG LVW GLH )UDJH RE GLH OHVVXQJ LP *F
%HGLQJXQJHQ LP /DERU VWDWW,QGHQ VROO ZRUDXV V
GDV ]X YHUZHQGHQGH (TXLSPHQW XQG JHEHMQWQDKPH G

(OHNWULVFKH :LGHUVWDQGVPHVVXQJHQ DQ

'LH OHVVXQJ GHV ! LP *HOIQGH ] % GLUHNWH OH\
*UDEXQJVSUR:OHQ NDQQ GXUFK (OHNWURGHQDQRUC
]ZLVFKHQ GHQ HLQ]JHOQHQ (OHNWURGHQ GXUFKJHIKU
‘HQQHU (OHNWURGHQNRQ¢JXUDWLRQ PLW HLQHP (OHN
'LH XQWHUVFKLHGOLFKHQ (OHNWURGHQDEVWIQGH ELF
$QZHQGXQJ DXI %YRGHQSUR:LOH PLW KRKHP 6NHOHWWD
VLQG LQ HLQHP 30DVWLNEDONHQ YHUVFKUDXEW ,P
9HUNDEHOXQJ GLH DQ HLQ 6SDQQXQJVPHVVJHUIW ZLH
3UR DQJHVFKORVVHQ ZHUGHQ NDQQK $IEBLEW VHRK*BRY
(OHNWURGHQDEVWIQGHQ XQG HUP|JOLFKW GLH %HUHFK

— [2]

mit K1 XQG K2

%HL GHU $QZHQGXQJ LP *HOIQGH KDEHQ VLFK YRU D
BNHOHWWDQWHLO XQG RGHU HLQHU JUR%HQ $Q]DKO DQ
HUZLHVHQ 'LHVH &KDUDNWHULVLHUXQJ WULIIW KIX¢d T
]XPHLVW HLQ HUK|KWHU ! LP 9HUJOHLFK ]X GHQ (UJHE
)XQNWLRQHQ
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Abbildung 4-1: 6FKHPDWLVFKHU $XIEDX GHU I+U GLH HOHNWULVFKHQ :LG|
YHUZHQGHWHQ (OHNWURGHQNRQ¢{JXUDWLRQ

4.1.2 Elektrische Widerstandsmessungen an ungestdrten Bodenproben

'LH (QWQDKPH XQJHVW|UWHU %RGHQSUREHQ LP *HOIC
B8QWHUVXFKXQJHQ URXWLQHPI%LJ PLW VRJHQDQQWHQ
XQJHVW|UWH %RGHQSUREHQ IleU HOHNWULVFKH :LGHUYV
GDV ODWHULDO XQG GLH 7HFKQLN MHGRFK DQJHSDVVYV
GDV 9ROXPHQ GHU 3UREH VROOWH EHL GHU HOHNWU
DXVUHLFKHQGH *U|%H GHU %RGHQSUREH JHVRUJW ZH
=\OLQGHU EHVLW]HQ HLQ 9ROX®PHQL YR EHUHLWW PLW Y
(OHNWURGHQNDQIOHQ DXVJHVWDWWHW 'HU 'XUFKPHV
EHWUDJHQ MHZHLOV P S$EE bKQOLFKH =\0LOQ
Ruoapes HW DO Gmo HW DO BessoX Q G %HL GHQ HOHNWU
‘LGHUVWDQGVPHVVXQJHQ KDQGHOW HV VLFK XP HLQH N
UHJHOPI%LJHQ (OHNWURGHQDEVWIQGHQ 'LH :LGHUVW
6<6&$/ 3UR GHU )LUPD ,5,6 ,QVWUXPHQWY GXUFKJHI+KUW
XP f YHUVHW]WHQ (OHNWURGHQDXIEDX ZLHGHUKROW

GLH (OHNWURGHQSRVLWLRQ RGHU GDV (OHNWURGHQPDYV

8P GHQ VSH]L¢VFKHQ HOHNWULVFKHQ :LGHUVWDQG !
*HRPHWUKHIRWWHRQ@GLJ )RUPHO > @

— 7 [3]
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'DUDXV HUJLEW VLFK IROJHQIKSH RUPHWOLPRXQJIVIRUPHO |-

— [4]

Abbildung 4-2: 6 FKHPDWLVFKH $XIVLFKW DXI| GLH (OHNWURGHQNRQ¢JXUD
LQ HLQHP OHVV]\OLQGHU

‘'HU JHVDPWH =\OLQGHU ZXUGH PLW HLQHU 1DWULX
HOHNWULVFKHU /HLWIIKLINHLW JHI-OOW G6FKULWWZHL
HUK|KW ZIKUHQG J]HLWJOHLFK HOHNWULVFKH :LGHUVW
'‘DV 9HUKIOWQLV JZLVFKHQ ! XQG 5 LQ $EELOGXQJ (
GDUVWHOOHQ GLH &HHQW\RFPUHWHKMHIPHGHROHVVXQJ ZXI
YHUVHW]WHQ (OHNWURGHQ ZLHGHUKROW HAURGEHURK VLF

P PLW 5 XQG . P PLW 5 $XV GHU .RPELQD
GHU EHLGHQ OHVVUHLKHQ HUJDE KLFK HLQ@ *PiRWP HWUL
$EE 'LH HUPLWW HNRVUHM@ O HHUWHBESINW G HQ

HUPLWWHOWHQ :HUWHQ EHL HLQHP =\OLQGHU PLW
'XUFKPHVVHU YRQ P PLWK
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Abbildung 4-3: (UJHEQLV GHU .DOLEUDWLRQVPHVVXQJHQ LQ GHQ OHVV]\O

'LH (QWQDKPH GHU %RGHQSUREHQ HUIROJWH PLWWHO
9J0 $EE $ %HL GHU %HSUREXQJ YRQ $ +RUL]JRQW
DUFKIRORJLVFKHU %HHLQAXVVXQJ ZXUGH MHGRFK GHX
GLH XQJHVW|UWH (QWQDKPH GHU %RGHQSUREHQ PLW G
YLHOHQ )IOOHQ NRPSOHWW YHUKLQGHUW (LQH $QSDVV;
GLH XQJHVW|UWH 3UREHQHQWQDKPH LQ %RGHQKRUL]RC
MHGRFK HLQH JHULQJHUH 5HSUIVHQWDWLYLWIW GHU 3U
GXUFK ,QNOXVLRQHQ PLW JHULQJHU HOHNWULVFKHU /H
HLQHP NOHLQHQ %RGHQYROXPHQ HLQHQ JU|%HUHQ (L
KDEHQ DOV LQ HLQHP SUDNWLVFK XQEHJUHQ]WHQ %RGH

,Q GHU /LWHUDWXU ZLUG GLH (QWQDKPH GHU %RGHQS
'IKUHQG GLH PHLVWHQ )DOOVWXGLHQ XQBiEsd6W|UWH ¢
2007; WunperLich HW DO X QW HNAMERF KW GLH 9HUZHQGEDUNH
JHVW|UWHQ %RGHQSUREHQ GLH LQ GHQ OHVVEHKIOWH
IDIJHUXQJVGLFKWH YHUGLFKWHW ZHUGHQ 'D GLH (QWQ
EHL DUFKIRORJLVFKHQ )XQGVWHOOHQ PLW 6WHLQVWU X
YRQ ,QNOXVLRQHQ WHLOZHLVMNaYRUKLQSGRVWKOIZNUWH &
PLW %YRGHQSUREHQ DXV (LVHQEHUJ UHNR®MWESXLHUW X
JRUPHO YHUJOLFKHQ .DSLWHO ‘D LQ GHU YRUOLHJ
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.DSLWHO OHWKRC

‘DVVHUJHKDOWHY LP %RGHQ DOV GRPLQDQWHU (LQAX\
%|GHQ DQJHQRPPHQ ZLUG ZXUGH NEpEeZ [uréhgdiren YRQ G|
(ISHULPHQWHQ GHU YROXPHWULVFKH :DVVHUJHKDOW
VFKULWWZHLVH YHUIQGHUW =HLWJOHLFK ZXUGHQ HO
YDULLHUHQGHP YROXPHWULVFKHP :DVVHUJHKDOW GXUF|

Abbildung 4-4: (QWQDKPH YRQ XQJHVW|UWHQ %RGHQSUREHQ PLW HLQH
OHVVER[ PLW 6SDQQXQ PVEReNAEV JHUIW )RWRV

1HEHQ GHQ OHVV]\OLQGHUQ ZXUGHQ DXFK OHVVER[HQ
'LGHUVWIQGHQ DQ %RGHQSUREHQ XQG H[SHULPHQWHOOH
'LH UHFKWHFNLJH %R[ EHVWHKW DXV 30H[LJODV XQG YH
GHQ .RSIVHLWHQ OHVVLQJSODWWHQ DOV (OHNWURGHQ §
% 'LH (OHNWURGHQ 0 XQG 1 ZXUGHQ HEHQIDOOV DXV 0
BFKUXPSIVFKODXFK LVROLHUW VR GDVV GLH OHVVXQJHC
GXUFKJHI*KUW ZXUGHQ KHIXYKRP HQ/ WGLLHHDM/Y RDOO *EHU (
GHU OHVVER[ EHUHFKQHW HBRGXEFK VLFK K

4.1.3 Temperaturkorrektur

'HU ' YRQ %|GHQ ZLUG GXUFK GLH %RGHQWHPSHUDW)
GLH OHVVXQJHQ HQWVFKHLGHQG EHHLQAXVVHQ NDQQ
'LGHUVWDQGVPHVVXQJ DXI HLQH 5HIHUHQJ]WHPSHUDWX
HLQH 9LHO]DKO DQ .RQYHUVLRQVIRUPHOQ HLQH XPIL
BEssoN XBLon HW DO +HXWH KDW VLFK HLQH
SHIHUHQ]WHMR S H U RERWHKW KEC:R B FAMcHKNECHT 1966; RHOADES et
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DO 'HU 7THPSHUDWXUNRHIL]JLHQW . NDQQ LQ HLQH
liegen HAvAsHI LQ GHU YRUOLHJHQGHQ $SUEHLW ZXUGH I
GLHVHU :HUW KDXSWVIFKOLFK EHL JHRSK\VKMNBEROLVFKHC(

& FRISCHKNECHT 1966;HAYA sHI
[5]

! VSH]L{VFKHU HOHNWULVFKHU :LGHUVWDQG EHL HLQ

f&

I VSH]L¢ VFKHU HOHNWULVFKHU :LGHUVWDQG EHL GHU

Tm

THPSHUDWXUNRHI¢{]ILHQW YRQ

,Q GHU 3UD[LV HUZLHV VLFK GLH (UPLWWOXQJ GHU 7HPS
XPVHW]EDU OHVVXQJHQ DQ GHU 2EHUAIFKH GHU %RGH
7HPSHUDWXUZHUWH LP %HUHLFK GHU 5DXPWHPSHUDWX
GHU 7HPSHUDWXU LP ,QQHUHQ GHU %RGHQSUREH QLFK
P|JJOLFK JHZHVHQ $XV GLHVHP *UXQG ZXUGHQ GLH %F
7HPSHUDWXU YRQ f& LQ HLQHP 7URFNHQVFKUDQN JHW
'LGHUVWDQGVPHVVXQJHQ HQWQRPPHQ VR GDVV GLH 7t
ZDU

4.2 Bodenproben und Laboranalysen

'LH LQ GHU YRUOLHJHQGHQ $UEHLW DQDO\WLHUWHQ %R
*UDEXQJHQ RGHU %RKUXQJHQ $00OH %RGHQSUR¢{OH XQ
GHU %RGHQNXQGOLFK H@-Ho®AGW PAREHIOHLWXRIIJHQRPP|
'LH /DERUDQDO\VHQ XPIDVVWHQ QHEHQ GHQ HOHNWL
JHVW|UWHQ XQG XQJHVW|UWHQ %RGHQSUREHQ GLH %H)
EHQ|WLJWHQ (LQJDQJVSDUDPHWHU .DSLWHO XQG

GHU PDJQHWLVFKHQ 6XV]HSWLELOLWIW XQG GHU 7HPSHL

4.3 Transferfunktionen und Naherungsgleichungen zur Berechnung
hydraulischer und elektrischer Eigenschaften von Béden und
archaologischen Strukturen

'"HU (LQAXVV ERGHQSK\VLNDOLVFKHU XQG ERGHQFKHPL\

GXUFK 7UDQVIHUIXQNWLRQHQ QIKHUXQJVZHLVH EHUHF

GLHVHU )XQNWLRQHQ [XU %HUHFKQXQJ YRQ (LJHQVFKEL
YRQ 3HGRWUDQVIHU )XQNWLRQHQ 'LH )RUPHOQ EHUHF
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.DSLWHO OHWKRC

1 GLH GHU .HKUZHUW GHV ! LVW 'LH (UIRUVFKXQJ GL
JHRORJLVFKH )UDJHVWHOOXQJHQ LP %9HUHLFK /DJHUV\
]XUeEN]XI*KUHQ $XVIDQJIJVSXQNW GHU KHXWH YHUI<JED!
HPSLULVFK BrRerH RHILPAHEW H GLH GDV 9HUKIOWQLV YRC
/IHLWIIKLINHLW ]X SK\WLNDOLVFKHQ XQG FKHPLVFKHQ 32
SRU|VHQ OHGLXPV EHVFKUHLEW

[6]

PLW OOV HOHNWULVFKH /HLW,|ak lekKiisthe/ LEHANGKeIHABL X PV
SRUHQI*OOHQGH® POV WIRIN-OIMQR@EHP )RUPDWLRQVIDNW
'LHVH )RUPHO OIVVW VLFK LQ YHUVFKLHGHQHQ B6FKUH
JRUP XOLHARS@J) RBBRIHO LVW

1
- = [7]

PLW ¥ DOV 3RURVLWHW GW\P D WEILXPWO REKIQIJLIJH HPSLU
GLH DXFK DOV =HPHQWLHUXQJVLQGH[ EH]JHLFKQHW ZLU
‘HUWHEHUHLFK ]ZLVFKHQ FrEDM:Q G DQQHKPHQ

'LH )RUPHOQ > @ XQG > @ ZXUGHQ I+U GLH $QZHQGXQJ
NRQJLSLHUW XQG LPSOHPHQWLHUHQ QLFKW GHQ (LQAX
JHLWIIKLINHLW

$XI GLHVHU *UXQGODJH ZXUGHQ NRPSOH[HUH 7UDQVI
QHUNQ+*SIXQJ YRQ :DVVHUVIWWLIXQJ 3RURVLWIW J/HL
6FKLFKWAIFKHQOHLWIIKLINHLW GHU 7RQPLQHUDOH P
ermdoglichen \WaxmaN & SmiTs 1968;Sen HW D O

3HGRWUDQVIHU )XQNWLRQHQ P«VVHQ QLFKW QRWZHQ
EDVLHUHQ ZLH GLH HPSLUL VRKaAE ERHEAGES IHMH W B )RUPH |

JHLJW EHL GHU GLH UIXPOLFKH 9HUWHLOXQJ GHU H
HOHNWULVFKHU /HLWIIKLIJNHLW DQJHVSURFKHQ ZHUGH
JHLWIIKLINHLW YRQ %|GHQ GXUFK GUHL SDUDOOHO DE
(CorwiN & LEscH 3IDG LVW HLQH .RPELQDWLRQ DXV IH
XQG YHUOIXIW LP PLNURSRU|VHQ )HLQPDWHULDO XQC
%RGHQZPrRY¥AMHU D 3IDG EHVFKUHLEW GLH HOHNWULVF
LP %RGHQZDVVHU JHO|VWHQ ,RQHQ ,P *HJHQVDW] ]X 3I
LQ GXUFKJIQJLJHQ ODNURSRUHQ 3IDG EHVFKUHLEW G
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GLH IHVWHQ OLQHUDOEHVWDQGWHLOH GHV %RGHQV )
YHUQDFKOIVVLJEDU XQG ZLUG GHPHQWVSUHFKHQG QLF

Abbildung 4-5: 6 FKHPDWLVFKH 'DUV RO XRQIPEBUY HQ ZBHIMMWGHWHQ OHLWII
4XHOOH YHWHGE HW @DF K CorwINGQ EscH

'LH YHUVFKLHGHQHQ )XQNWLRQHQ EHQ|WLJHQ XQWHF
SURGX]LHUHQ WHLOZHLVH DXFK YRQHLAY® QGWUDDEZH

%LVODQJ EHJLHKHQ VLFK GLHVH 9HUJOHLFKH QX!
GDVV QXU EHGLQJW $XVVDJHQ ]X GHU /HLVWXQJVIIKLJ

0|]JOLFKHUZHLVH LVW HLQH %HXUWHLOXQJ GHU $QZHQ
G X UFK | BoklE D U

Lacoy HW DO YHUJOHLFKHQ PHKUHUH 3HGRWUDQVIF
HOHNWULVFKHQ /HLWIIKLINHLW HLQHYV OHKPLJHQ %RGF
VRZLH GLH ]X HUPLWWHOQGHQ IUHLHQ 3DUDPHWHU G
DOOHP GLH $QZHQGEDUNHLW GHU )XQNWLRQHQ HUVLF
EingangsparameterRévii 0 R G HRBV@ & GLOVER RGHU HLQH 9LHO
XQEHNDQQWHU 3DUDPHWHU BREOXPM DOHUDJL QH WRHEQAK
'L HRHoapbEs )RUPHO ELHWHW GHQ 9RUWHLO GDVV DOOH EI
%YRGHQSUREHQ EHVWLPPW ZHUGHQ N|QQHQ ,P *HJHQ
ArRcHE *OHLFKXQJ DQJHSDVVWH )WANRHEQs ) RIUH HO% 6 GHH
YHUZHQGHW 3DUDPHWHU ZLH GHQ =HPHQWLHUXQJVLQ
QLFKW RKQH ZHLWHUHYV DXV GHQ SK\WLVFKHQ XQG FKH
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DEOHLWHQ ODVVHQ (LQ ZHLWHUHV $RickhXeP HRWP M) GL
HUJLEW VLFK DXV GHU VSH]L{VFKHQ $EOHLWXQJ [XU %
GLH YR@RcHEHWHLFKXQJ DEJHOHLWHWHQ 3HGRWUDQVIt
$QZHQGXQJVIJHELHW /DJHUVWIWWHQNXQGH LQ YHVWJH\

'LH :DKO GHU NRUUHNWHQ 3HGRWUDQVIHU )XQNWLRQF
‘LGHUVWDQGHY YRQ %|GHQ ZLUG LQ GHU JRUVFKXQJ NRC
BWXGLHQ EHGLHQHQ KIX¢Jd QXU VHKU VSH]L:(VFKH )DOO
DQ %RGHIQWASHY DO VR GDVV HLQH DOOJHPHLQH
HITHNWLYVWHQ 3HGRWUDQV IH UWPXERNW HRAQBQ NDXP P|JC

4.3.1 Die RHoaDEs-Formel

'LH LQ $SEELOGXQJ GDUJHVWHOOWHQ 3IDGH ODVVHQ
GHU HUVWH 7HLO GHU )RUPHO LQ HFNLJHQ .ODPPHUQ E
GXUFK 3IDG ZIKUHQG 3IDG GXUFK GHQ ]ZHLWHQ 7
HFNLJHQ .ODPPHUQ UHSUIVHQWLHUW ZLUG 'D GDYRQ
HLQHQ YHUQDFKOIVVLIJEDUHQ $QWHLO ]XU HOHNWULVF
SHIRUPXOLRHIAQJ)RBWHRIHO DXI GLH 'DUVWHOOXQJ GHV 3II

2

[8]

1 HOHNWULVFKH /HLWIIKLINHLW GHV 3RUHQZDVVHUYV L

ws

1. HOHNWULVFKH /HLWIIKLINHLW GHV 3RUHQZDVVHUV L
1 HOHNWULVFKH 2EHUAIFKHQOHLWIIKLINHLW GHU IHVWI

'LH HOHNWULVFKHQ /HLWIIKLINHLWHQ ZHUGHQ PLW GHQ
A*VVLIJHQ 3KDVHQ DQ GHQ HLQ]JHOQHQ 3IDGHQ NRPELQLF

YROXPHWULVFKHU $QWHLO GHU 2EHUAIFKHQOHLWIIKL

SS

YROXPHWULVFKHU $QWHLO GHU A+VVLJHQ 3KDVH LQ =

ws

*HVDPWYROXPHQ GHU A«VVLJHQ 3KDVH DXV 3IDG XQ:

w

'LH EHVFKULHEHQHQ /HLWIIKLINHLWHQ XQG YROXPH
YHUHLQIDFKWH 1IKHUXQJVJOHLFKXQJHQ EHUHFKQHW ¢
%HREDFKWXQJHQ XQG OHVV XRAchbt® HV) DIGHQ EDVLHUHC

35



.DSLWHO OHWKRC

[9]

Pw JUDYLPHWULVFKHU :DY V/HDUHUKDAWGCLE KW E&QSI FP

'LHRHoaDESs )RUPHO YHUZHQGHW DOV (LQJDQJVSDUDPHW
:DVVHUJHKDOW GHU LQ GHU YRUOLHJHQGHQ $SUEHLW |
EHVWLPPW RGHU DXV GHP YROXPHWULVFKHQ :DVVHUJHK
ZXUGH

[10]

'LH .RQVWDQWHOQ XQG LQ > @ RMddBHBWHPSL UL\

— [11]

'LH HOHNWULVFKH 2EHUAIFKHQOHLW IIKLJJNHQ® HEQW Z IHHG/A
LQ 9HUELQGXQJ PLW GHP 6IWWLJXQJVIJUDG SP RGHU G
LP %RGHQ EHWUDFKWHW ZHUGHQ ,Q GHU /LWHUDWXU N
(Borus 1999;CorwIN & LESCH

[12a]
oder
> E@

'D GHU 6I1WWLJXQJVJIJUDG DXFK IU GLH 1IKHUXQJVJOHLEFK
/IHLWIIKLINHLW GHV 3RUHQZDVVHUV LQ 3IDG > @ YHU.:
YRQ )RUPHO > D@ DOV %HVWDQGWHLO YRQ )RUPHO >
TRQJHKDOWY DOV 3DUDPHWHU ZHJIDOOHQ 'D MHGRFK
ZLFKWLJH .HQQJU|%H I-U GLH HOHNWULVFKH /HLWIIKLJN
YRUOLHIJHQGHQ $UEHLW YHUZHQGHW

[13]
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,Q 1IKHUXQJVJOHLFKXQJ > @ ZLUG ]XVIW]OLFK ]X GHQ
HOHNWULVFKH /HLWIIKLJINHLQVGBHY BRUHQ ZOWYWHUV 1

4.3.2 Naherungsgleichungen fur hydraulische Bodenparameter

1LFKW LPPHU LVW GLH QRWZHQGLJH 3UREHQHQWQDKPH
> @ P|JOLFK (LQ SUREOHPDWLVFKHU .HQQZHUW LVW Gl
QLFKW DXV 5DPPNHUQVRQGLHUXQJHQ JHZRQQHQ ZHUGH
(QWQDKPH ]X VWDUN JHVW|UW ZHUGHQ $XFK GLH (QWC
*UDEXQJVVFKQLWWHQ XQG %RGHQSUR¢OHQ NDQQ EHL K

Saxton HW DO SaxToN®QRBWLS NDONXOLHUHQ GLH /DJHUXQ
ZHLWHUH K\GUDXOLVFKH %RGHQSDUDPHWHU «EHU GLH

'LH 1IKHUXQJVJOHLFKXQJHQ VLQG HPSLULVFK DEJHOHLW
8 6 HSDUWPHQW RI $JULFXOWXUH 86'$ 'LH PLQLPDO |X
VLQG GLH 9ROXPHQDQWHLOH GHU .RUQJU|%HQNODVVHQ
GLH 1IKHUXQJVJOHLFKXQJ GXUFK GLH 3DUDPHWHU 2U.
(LQ QLFKW HUPLWWHOEDUHU 3D UDBMHWGHU LS WQ GH.Q ADQ
ODQGZLUWVFKDIWOLFKHU 1XW]XQJ DXI GLH /DJHUXQJVG
DF OLHJW JZLVFKHQ ORFNHU ELV VWDUNH 9HUGLF

4.4 Berechnung des elektrischen Widerstandes von mehrphasigen
Medien

3HGRWUDQVIHU )XQNWLRQHQ YHUZHQGHQ DXVVFKOLH:
$QDO\WH YRQ )HLQERGHQPDWHULDO (LQ $VSHNW GHL
VLQG BWHLQHLQVFKO+«VVH LP JHLQERGHQPDWHULDO XOQ
YRQ %|GHQ %HWUDFKWHW PDQ GHQ %RGHQ DOV HLQ
VSH]L{VFKHQ *HVDPWZLGHUVWDQG VR WUDJHQ GLH LP ¢
GLHVHP :LGHUVWDQG EHL :LH GHU %HLWUDJ GHU ,QNOX\
ZLUG KIQJW VWDUN YRQ GHU *U|%H GHU ,QNOXVLRQHQ
$QQDKPH HLQHU PHKU RGHU ZHQLJHU JOHLFKPI%LJHQ 9t
| DXV )RUPHO > @ DGGLHUW ZHUGHQ 'DEHL NRPPHQ *O
HLQHV JHPLVFKWHQ OHGLXPV EHUHFKQHQ

4.4.1 Perkolationstheorie

'LH 3HUNRODWLRQVWKHRULH EHVFKUHLEW GLH (LJHQ
2EMHNWHQ GLH GXUFK .RQQHNWLYLWIW LQ 9HUELQGXQ
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LKUHQ LQGLYLGXHOOHQ (LJHQVFKDIWHQ ]XU $XVELOGX
1HW]ZHUNHVHENMLWUDJBI@GHU %RGHQNXQGH NDQQ GLHVH
ZHUGHQ XP 7UDQVSRUWSUR]JHVVH LP 3RUHQEB®RHLFK ]X

& PERRIER

%HL GHU 3HUNRODWLRQVWKHRULH ZLUG GHU %RGHQ DC
GDV DXV ]ZHL .RPSRQHQWHQ EHVWHKW .RPSRQHQWH E
QLHGULJHQ ! ZIKUHQG .RPSRQHQWH GXUFK HLQHQ KRK

XQG VWHKHQ LQ HLQHP EHVWLPPWHQ YB®GXPHWULVFE

D 6LH ZHUGHQ LQ HLQHP JXIIOOLJHQ *LWWHUQHW] I
ODWUL[ .RPSRQHQWH GHVVHQ =ZLVFKHQUIXPH ]XIIOC
1 ausgeflllt werdenB{cALKE E $XV GLHVHU %HVFKUHLEXQJ Ol
$QZHQGXQJVEHUHLFK GHU 3HUNRODWLRQVWKHRULH HU|I
EHL GHU SRU|VH *HVWHLQH DOV 6SHLFKHUPHGLXP HLQH
1HEHQ GHP ! GHU EHLGHQ .RPSRQHQ\VCHiQe &nthdidewdeD X FK G
5ROMHAL U BA¥R Q DOV GXUFKVFKQLWWOLFKH HOHNWULV
X QG BiRKE D LQ =XVDPPHQKDQJ PLW GHU .RQ]JHQWUD
JHVHWIW %HL HLQHU .RQJHQWUDWICRQ XRG@ GHUY R@ HRPRASL
*HVDPWZLGHUVWDQG GHV OHGLXPV LVW LOHLEK\GMPKWY
NHLQH .RQQHNWLYLWIW

'LH 3BHUNRODWLRQVWKHRULH OIVVW VLFK ]XU %HUHFKC
QXW]JHQ GD .RPSRQHQWH GDV OHLWIIKLJH )HLQERGH
.RPSRQHQWH GHP 6NHOHWWDQWHLO ! PP HQWVSULFK
'LGHUVWDQGHYV YRQ KHWHURJH Q HEGAKD Vdgrdhmi@tt HQ Z X L
KWPO 'DWHL YHUZHQGHW GLH IROJHQGH (LQJDEHZHUW|

! VSH]L{VFKHU HOHNWULVFKHU :LGHUVWDQG GHU OHLYV

1

I, VSH]JL{VFKHU HOHNWULVFKHU :LGHUVWDQG GHU ZHQL

2

S .RQJHQWUDWLRQ GHU OHLWIIKLJHQ .RPSRQHQWH LQ

SF 6FKZHOOHQZHUW EHL . RQWDNWSHUNRODWLRQ L

4.4.2 Effective Medium Theory

'DBrucGEMAN ORGHOO LVW HLQH $QZHQGXQJ ]XU %HUHFKQXC
YRQ KHWHURJHQHQ ]XPHLVWBHZ#S KDVLJO G HADWIHWHD D W
HV DXFK DOV A(IITHFWLYH OHGLXP 7KHRU\3® (07 RGHU A(II
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(0$ EHNDRQQAWNWAN HW DO (V KDQGHOW VLFK QLFK
XP HLQH $QZHQGXQJ XU %YHUHFKQXQJ GHU HOHNWULVF
ODWHULDOV MHGRFK EDVLHUW GLH (QWZLFNOXQJ GHU
LKUHU :HLWHUHQWZLFNOXQJHQ DXI GBrbedandd 1S36\VLNDOL
BHATTACHARYA & CHAKLADER ,Q GHU YRUOLHJHQGHQ $SUEHLW ZlI
,OQWHUSRODWLRQVIXQNWLRQ ]XU %YHUHFKQXQJ GHU HOH!I
OHGLXPV YHUZHQGHW EHL GHU DQJHQRPPHQ ZLUG GD)
NXJHOI|UPLJHQ ,QN MXDAEHERAQ HHQV D OL VW '"HPHQWVSUHFKI
LP *HIJHQVDW] ]XU 3HUN BEnxyY HiR €ekiviskhid Reitfiiigk@tDdEK

,ONOXVLRQHQ NHLQH 5ROO0OH XQG ZLUG QLFKW DOV (LQJI

- [15]

1 (f HOHNWULVFKH /HLWIIKLINHLW GHV OLVFKPHGLXPV
1 HOHNWULVFKH /HLWIIKLINHLW GHV OHLWIIKLIJHQ OHGL

f YROXPHWULVFKHU $QWHLO GHV LVROLHUHQGHQ OHGL)>

4.6 Software zur Modellierung von physikalischen und chemischen
Bodenparametern und des elektrischen Widerstandes

%HL GHU $QZHQGXQJ YRQ HOHNWULVFKHQ :LGHUVWD
(57 JHEHQ GLH EHL GHU QHWWWE JNHURBQWHXQHERK O XV \
WDWVIFKOLFKH 9HUWHLOXQJ GHV HOHNWULVFKHQ :LGH
,QYHUVLRQVSURJUDPPHQ EHUHFKQHW .DSLWHO

Um die Erfolgsaussichten einer Prospektion mit elektrischen Widerstandsmethoden

]1X SUsIHQ ZLUG GDV VRJHQDQQWH HRQZIBVIEW] WYV LA/RNELHY
*UXQGODJH HLQHU JHJHEHQHQ :LGHUVWDQGVYHUWHLO
HOHNWULVFKHQ :LGHUVWDQGVPHWKRGHQ DXI GLHVHV OF

(LQH NODVVLVFKH $QZHQGXQJ YRQ ORGHOOLHUXQJHQ |
=XVWDQGHV HLQHV SK\WVLNDOLVFKHQ 3DUDPHWHUV LP %
‘DVVHUJHKDOW .DSLWHO $XVIJHKHQG YRQ HLQH!
XQWHUVXFKHQGHQ 3DUDPHWHUV ZLUG GLH JHLWOLFKH 9
H[WHUQH (LQA+VVH DXI GDV ORGHOO EHUHFKQHW 'LH KL}
EDVLHUHQ DX| HPSLULVFKHQ %HREDFKWXQJHQ YRQ ND»
RGHU /DERU -HGRFK PXVV JHQHUHOO GDUDXI| KLQJHZLI
QIKHUXQJVZHLVH GLH UHDOHQ 9HUKIOWQLVVH GDUVWHO
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4.6.1 Inversion

'XUFK GLH $QZHQGXQJ YRQ (57 ZLUG JUXQGVIW]OLFK HLGC
,QIRUPDWLRQH@REHLLGHQ 9LHO]DKO DQ OHVVSXQNWHQ

YRQ GHU (OHNWURGHQNRQ¢IJXUDWLRQ DEKIQJLJHQ OXV
,QIRUPDWLRQ LVW DQ VLFK VFKZHU ]X LQWHUSUHWLHUHZC
WDWVIFKOLFKH 9HUWHLOXQJ GHV ! LP %RGHQ ]X %HQ|WL
AIFKHQKDIWH RGHU GLH ' YROXPHQEH]RJHQH 9HUWHLOX
GHV 'DWHQVHWYV QIKHUXQJVKDIW EHUHFKQHW $0OV ZHL!
GLH GXUFKJHI*KUWHQ OHVVXQJHQ DX| 3RWHQWLDOPHV
DOVR QLFKW GHU WDWVIFKOLFKH ! LP 8QWHUJUXQG JHP
QRWZHQGLJ GHQ %HJULII AVFKHLQEDUHU VSH]LLVFKHU
QLFKW LQYHUWLHUWHQ 3VHXGRVHNWLRQHQ |]X YHUZHQG

‘LH DP KIX¢JVWHQ I+U GLHVH %HUHFKQXQJ DQJHZHQG
PLWWHOV QLFKW OLQHDUHU ,WHUDWLRQHQ 'DEHL ZLU
ZHOFKHV VFKULWWZHLVH NRUULJLHUW ZLUG XP HV DQ
, QLWLDOPRGHOO EHVWHKW DXV HLQHP UHJHOPI%LJHQ
RGHU GUHLGLPHQVLRQDOHQ 9ROXPHQ )LQLWH (OHPHQW
‘HUW ]XJHZLHVHQ ZLUG GHU VLFK DXV GHP EHNDQQWHC
XQG GHU JHPHVVHQHQ 6SDQQXQJ 9 VRZLH GHU (OHNWU
HLQHYVY (OHPHQWV GHV *LWWHUV DXV UHFKWHFNLJHQ )
NRQVWDQW 'DV 6WDUW ORGHOO ZLUG GXUFK GLH /|VXQ.
DQ GLH OHVVGDWHQ DQJHJOLFKHQ EHYRU GDV EHUHF
$XVIDQIJVGDWHQ YHUJOLFKHQ ZLUG *HVXFKW ZLUG GEC
$EZHLFKXQJ YRQ GHQ OHVVGDWHQ OLHIHUW 'LHVH $EZF
XQG EHUHFKQHWHQ HOHNWULVFKHQ :LGHUVWIQGHQ HUP
,QYHUVLRQVSURJUDPPHQ DOWsaems)HKOHIR EBDQHL VK G K W5
506 )HKOHU QLFKW PHKU VLIJQL{¢NDQW IQGHUW ZLUG GHL
angesehenTsourLos1995;MATTHES

,QYHUVLRQVVRIWZDUH 11U (57 3UR¢{¢OH HUP|JOLFKW HL
elektrischen Widerstandsdaten, jedoch mussen die Limitierungen und mathematischen

SBUREOHPH GHV ,QYHUVLRQVSUTRbbRWY E H U EFHNWHRKKMLLEW @
(I ITHNW HLQHU 9LHO]DKO DQ OHVVXQJHQDXLJNHLWHQ ZL
VSH]L¢{VFKH (LJHQVFKDIWHQ GHU OHVVLQVWUXPHQWH X
GLH 2EHUAIFKHQEHVFKDIIHQKHLW GHV ]X XQWHUVXFKHC
HLQHQ JUR%HQ (LQAXVV DX|I GHQ ,QYHUVLRQVSUR]HV\
ZHUGHQ GLHVH (LQA«VVH DOV VRJHQDQQWHV A1RLVH* R
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HUJLEW VLFK DXV GHU $QZHQGXQJ YRQ )(0 'LH OHQJH

GXUFK GLH $Q]DKO GHU OHVVHUJHEQLVVH OLPLWLHUW

GHV JHVDPWHQ OHVVELOGHV HLQJHVFKUIQNW XQG I«K!
*UHQ]J]HQ GLH QLFKW QRWZHQGLJHUZHLVH GLH UHDOH
ZLGHUVSLHJHOQ 'LH NRPSOH[HQ (LQ]JHOSUR]JHVVH GLH
N|JQQHQ LP XQJ*QVWLJVWHQ )DOO $UWHIDNWH HUJHXJHQ
GHU 'DWHQ Fso@AdL H% HQ

*HQHUHOO EHVWHKW HLQ JUR%HVY ,QWHUHVVH DQ GHU
YRU DOOHP GLH (UIRUVFKXQJ VFKQHOOHU XQG HIIHNWL
YHUJU|%HUQGHQ 'DWH Q Vdki&/BARKERQ1996; U R.9&AHzeR RODZ) H
PapaporPouros HW D O

,Q GHU YRUOLHJHQGHQ $UEHLW ZXUGHQ IsU GLH ,QYHU
5HV ",QY *HRWRP R.okeR1ID0AZLIDkE 8. BARKER 1996; Lok & DAHLIN

2002;Loke HW DO LQ GHU XQG %LW 9DULDQWH VRZ
OXOWL 3KDVH 78ARMKkEIR @ RsthANAER 2006;CARDARELLI & FiLiPpPo 2009;
CarDARELLI HW DO LQ HLQHU %LW 9DULDQWH YHUZHQG

4.6.2 Forward Resistivity Modeling

'HU %HJULII AORGHOLQJ® ZLUG PLW %H]XJ DXI HOHN
KDXSWVIFKOLFK DOV GDV EHL ,QYHUVLRQVSURJUDPPHQ
S5HVLVWLYLW\ ORGHOLQJV?® )50 JHQXW]W %HLP )RUZDL
B8QWHUJUXQGHV PLW EHNDQQWHQ ! :HUWHQ YRU 1XQ VR
PDQ EHL GHU $QZHQGXQJ YRQ HOHNWULVFKHQ :LGHUVW
(OHNWURGHQNRQ:,JIJXUDWLRQ DXI GLHVHP 8QWHUJUXQG |

'HP )RUZDUG ORGHOLQJ N|QQHQ YHUVFKLHGHQH .RQJHES
KIX¢JVWHQ DQJHZHQGHWHQ .RQJHSWH VLQG GLH A)LQL
GLH A)LQLWH (OHPHQW6BIHGEKRIBFWKRGHQ EHUXKHQ DXI
GHV ]X XQWHUVXFKHQGHQ 5DXPV LQ 8QWHUUHJLRQHQ

LQ UHFKWHFNLJH =HOOHQ HUIROJW GHQHQ HLQ OHVVS>
HUIROJW EHL GHU 1XW]XQJ YRQ )(0 HLQH 8QWHUWHLOX:
AQRGHV: DOV 1HW]ZHUN I+U ,QWHUSRODWLRQVIXQNWLTF
=LHO GDV XQEHNDQQWH 6SDQQU%@bY SRWHQ]LDO ]X EHUF

‘'LH 1XW]XQJ YRQ )50 VHW]WH UHODWLY JHLWQDK PLW GH
und archaologischen Prospektion ein und entwickelte sich parallel zu den steigenden
5HFKQHUOHLVWXQJHQ N&L & MQ1991;RAddtaxd KHWH @ O ‘LH
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$QZHQGXQJ GHU OHWKRGH NDQQ DXV YHUVFKLHGHQHOQ
ZLUG GHPHQWVSUHFKHQG XQWHUVFKLHGOLFK NRQJLSLH!
JUDJHVWHOOXQJHQ ZLUG )50 KDXSWVIFKOLFK ]XU +\SR\
HV GLH LQ HLQHP (57 3UR¢:O DQJHVSURFKHQHQ $QRPDO
]X]XZHLVHQ 'DEHL VWHOOW VLFK GLH )UDJH ZHOFKH )
GLHVH $QRPDOLHQ EHL HLQHU VSH]L,VFKHQ DUFKIRORJL
LVW PLW +LQWHUJUXQGZLVVHQ ]X GHQ LP 8QWHUVXFK)
DUFKIRORJLVFKHQ 6WUXNWXUHQ YHUNQ«SIW

'LH 9LHO]DKO DQ 9HUZHQGXQJVP|JOLFKNHLWHQ YRQ )
.ODVVL¢{]ILHUXQJ GHV )RUVFKXQJVYRUKDEHQV QXU EHGI
$QvDW] PHKUHUH +\SRWKHVHQ DGUHVVLHUW ZHUGHQ ZL
6RIWZDUH XQG ]JHLWJOHLFKH DUFKIRORJLVFKH +\SRW
.ODVVL¢{(]JLHUXQJ GHU )50 $QVIW]H LQ GHU DUFKIRORJLV
PI|JOLFKH )RUVFKXQJVO*FNH ]X LGHQWL¢(]JLHUHQ XQG X |

x 6\QWKHWLVFKH ORGHOOH ]XU 9HUEHVVHUXQJ YR
LOWHUSUHWDWLRQV XQG YHUL¢NDWCARGREX QWHUVV
& FiscHANGER 2006;GUNTHER H W D OCARDARELLI & DI FiLipro 2009;CatT
HW D O Papaborouros HW D O CarDARELLI HW D O ELwaselF &

SiaTER 2010; %8u2.85 $.&3%2011;Parpaporoutos HW D OHauck HW DO

2003;SneH HW DO ,Q GLHVHP )DOO LVW DQ]JXPHUN
'DWHQVHWY IDVW LPPHU DQ UHDOH )DOOVWXGLHQ
DUFKIRORJLVFKHQ RGHU QDWXUZLVVHQVFKDIWOLF

NIQQHQ

x 6\QWKHWLVFKH ORGHOOH ] XU 9HUEHVVHUXQJ
SBURVSHNWLRQVZLQNHOV RGHU GHU 3URVSHNWLRC
GHU " OHVVXQJHQ NRQQWHQ KLHU ZHUWYROOH ,C
gewonnen werderParaborouros HW D OPapaborouros HW D OBERGE
& DraHOR 2011;Wikinson HW D O

x 6\QWKHWLVFKH ORGHOOH ]XU 9HUEHVVHUXQJ YRQ |
EHNDQQW GDVV MHGH (OHNWURGHQDQRUGQXQJ P
ist (AsANALL & GAFFNEY ZHVKDOE HLQH 8QWHUVXFKXQ.
unumganglich istiprec HW D AHLIN & Loke 1998;CoskuN & SzYMAN sKi
1999; &s1'$16%<$5  %u2.852001;Hauck HW DO

x 6\QWKHWLVFKH ORGHOOH ]XU 8QWHUVXFKXQJ GHU
YHUXUVDFKWHQ :LGHUVWDQGVDQRPDOLHQ +LHUE
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GHU JIQJLIJVWHQ $QZHQGXQJHQ YRQ )50 ZREHL
JUDJHVWHOOXQJ VHKU XQWHUVFKLHGOLFK VHLQ NI
angewendet, um die Erfolgsaussichten einer Prospektion mit elektrischen
'LGHUVWDQGVYHUIDKUHQ ]X HUJU QGHQ 'LH :HUWH
XQG GLH )RUP GHU $QRPDOLHQ ZHUGHQ GXUFK YF
*EHU GLH ]X HUZDUWHQGH $UFKIRORJLH XQG JHR
5DKPHQSDUDPHVWRAUDIHVFKIWHWS RS XOIUHUH $QZHQC
)50 ¢QGHW MHGRFK QDFK GHU 3URVSHNWLRQ LP *HC
KLHUIlI-U LQ QLFKW LOWHUSUHWLHUEDUHQ :LGHUVW
MHGRFK XP HLQH =XVDPPHQI*KUXQJ YRQ DUFKIROF
GHQ 3URVSHNWL RAEEV HUN HEE@QNEeSRV HHQV D O GLovER
2010;Leororb HW D QZeyveNk HW D OTleixbo HW DO

,Q GHU YRUOLHJHQGHQ S$UEHLW ZXUGH GLH BRIWZDUF
HOHNWULVFKHQ :LGHUVWDQGVPRGHOOHQ YHUZHQGHW ¢
GLH DOV )UHHZDUH YHUI-JEDUH 6RIR 2ZORGH G LX¥Q GH BIW W
GDPLW V\QWKHWLVFKH 'DW HEXY 1O9BH oMRQDAGEN 3UR ¢ OHQ

'LH 6RIWZDUH HUP|JOLFKW HLQH XQNRPSOLJLHUWH (U\
HQWZHGHU *EHU HLQ RSWLVFKHV ,QWHUIDFH LQ GHU 6R
GHU 'DWHLHQ SHU 7H[W (GLWRU 'LH LQ GHQ ORGHOO!
ZXUGHQ_DI®NHQQ]JHLFKQHW XP HLQH NODUH $EJUHQ]X
JHPHVVHQHQ :HUWHQ ]X HUP|JOLFKHQ 'XUFK GLH 9HUZ
3RO (OHNWURGHQNRQ¢JIJXUDWLRQ ZXUGHQ GLH OHVVXQ.
]XU HOHNWULVFKHQ :LGHUVWDQGVNDUWLHUXQJ VLPXOL
PLW HLQHU :HQQHU 6FKOXPEHUJHU $QRUGQXQJ VLPXOLH
ZXUGHQ %HLP ([BEWW GBIWGDYV 5HV ',QY )RUPDW NDQQ G

OHVVXQJIJHQ GXUFK GDV +LQWHUJUXQGUDXVFKHQ EHUHFEk

4.6.3 Modellierung der saisonalen Veranderung des Wassergehalts im
Boden mit HYDRUS

'LH K\GUDXOLVFKHQ (LJHQVFKDIWHQ YRQ %|GHQ VLQG
%RGHQNXQGH GD VLH PD%JHEOLFKH )DNWRUHQ I+U HLQ
YRQ %|GHQ GDUVWHOOHQ ,P +LQEOLFN DX| GLH HOHNW
GLHVH %RGHQHLJHQVFKDIWHQ HEHQIDOOV HLQH 5ROOH
GHP :DVVHUJHKDOW XQG GHU HOHNWULVFKHQ /HLWIIKLJI

'LH +<'586 6RIWZDUH ZXUGH ]XU ORGHOOLHUXQJ GHV
XQWHUVFKLHGOLFKHQ 6IWWLJXQJVJUDGHQ HQWZLFNHOV
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GHV :IlUPHWUDQVSRUWY XQG GHQ 7UDQVSRUW YRQ JHO
DUEHLWHW PLW GHU QXPHULVEKHQ /|VXQJ ¢QLWH G
K\GUDXOLVFKHQ )XQNWLRQHQ ZREHL GHU 1XW]HU XQ

wahlen kann Go#1(. HW DO $OO0OH OR ®RIHHBROsH* YHOQEK BF I G
zurickzufihren RicHARDS ,Q GHQ I-U .DWJHQEDFK .DSLWHO
.DSLWHO HUVWHOOWHQ ' ORGHOOHM GElwWEH&NGLH DQL

YHUZHQGHW

=XU (UVWHOOXQJ HLQHV "ORGHOOV ZLUG HLQ %RGI
GDUJHVWHOOW 'LH *HRPHWULH GHV ORGHOOV HUJLE
]I XU 6WUDWLJUDSKLH GHV %RGHQSUR{;OV RGHU GHU
JHRPHWULVFKHQ )RUP GHV ORGHOOV P«VVHQ K\GUDX(
ZHUGHQ ZHOFKH GLH %HUHFKQXQJ GHV :DVVHUAXV)
ORGHOOLHUXQJ YRQ 6WHLQVWUXNWXUHQ NDQQ GLH 6V
DQJHVHKHQ ZHUGHQ DEHU KIX¢J LVW GLH 'DUVWHOOX
HITHNWLYHU 'LH 'DUVWHOOXQJ YRQ 6WHLQHQ DOV JHR
EHUHLWY ]XU ORGHOOLHUXQJ GHV :DVVHUAXVVHV LQ

DQJHZHQGHW 'D HLQH *HRPHWULH RKQH K\GUDXOLVFK
P|IJOLFK LVW ZHUGHQ H[WUHP QLHGULJH K\GUDXOLVFK
YRQ 6WHLQHQ YHUZHQGHW GLH NHLQHQ :RWAKHIUAXVV L
DO +/$9€y,.29eHW DO

'HU :DVVHUAXVV LQ %|GHQ LVW GXUFK VHLQH SK\VLNI
ZRKLQJHJHQ EHLP 7UDQVSRUW YRQ JHO|VWHQ 6WRI
EHU*FNVLFKWLJW ZahkhGH Q osR « Y(Vah@(1 +<'586
YHUZHQGHW YHUVFKLHGHQH .RPELQDWLRQHQ YRQ (LQ.
K\GUDXOLVFKHQ (LJHQVFKDIWHQ HLQHV %RGHQV 1HEH
l+U VWDQGDUGLVLHUWH %RGHQDUWHQ N|QQHQ VSH]L¢V
HLQH DQJHJOLHGHUWH B6RIWZDUH ]XU $QZHQGXQJ YRQ
ILWH '// EHUHFKS&HKNW BMWUDBEQ $0OV (LQJIJDQJIVJIU|%H
RUQJU|%HQYHUWHLOXQJ XQG GLH /D JHAGIMELFKWH ]
DEJHOHLWHWHQ 3DUDPHWHU |[XP :DVVHUU+sFNKDOV
+LHUEHL KDQGHOW HV VLFKX®B @ H [l PRYR@DOHQU LV F K
‘DVVHUJHKDOW XQWHU UHDOHQ (YDSRUDWLRQV XQ
K\GUDXOLVFKH /HLWIIKLJNHQWFEHD J6 IX\QMGL LG .RQQHN
3RUHQ O =XVIW]OLFK ZHUGHQ DXV GHQ (LQJDQJVSD
DEJHOHLWHW GLH ]JXU /|[VXQJ GHU K\GUDXOLVFKHQ )XQ

'LH *HRPHWULH GHV ORGHOOV ZLUG PLW HLQHP )LQLW

44



.DSLWHO OHWKRC

das zur raumlichen Lésung demn GenucHTEN *OHLFKXQJHQ GXUFK )RUZDU
YHUZHQGHW ZLUG 'DV )(0 NDQQ ORNDO YHUGLFKWHW ZF
NRPSOH[H *HRPHWULHQ HLQH KRKH 'LFKWH DQ .QRWHQS
EHQ|WLJHQ

'HU ]JHLWOLFKH $EODX|I GHU ORGHOOLHUXQJ NDQQ YDULTE
VLQG BHNXQGHQ OLQXWHQ B6WXQGHQ 7DJH XQG -DKUF
YHUI*JEDUHQ 1LHGHUVFKODJVGDWHQ YRQ ORNDOHQ :H
WIJOLFKH (UPLWWOXQJ GHV :DVVHUAXVVHV LP %RGHQ [
,QWHUYDOOHQ YRQ HLQHP 7DJ NDQQ DOVR YHUZHQGHW
GHV :DVVHUJHKDOWHV LP %RGHQ PLW HLQHU $XA|VXQJ
NXUJIULVWLJHUH 9HUIQGHUXQJHQ GHV :DVVHUJHKDOWYV L
PXVV GHU JHLWOLFKH $EODXI GHU ORGHOOLHUXQJ DQJH:

$OV H[WHUQHQ ,QSXW I+U 1LHGHUVFKODJ XQG (YDSRUD
"HWWHUVWDWLRQHQ YHUZHQGHW OD%JHEOLFKH 3DUDP
SUR 7DJ LQ PP XQG GLH DXV YHUVFKLHGHQHQ 3DUDPHW]
PenmaN (ALLe HW DO LQ PP
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5 Ergebnisse und Diskussion der Prospektion, Analyse und
Modellierung von archaologischen Steinstrukturen anhand
von Fallbeispielen

'LH LQ GHU YRUOLHJHQGHQ $UEHLW DQDO\WLHUWHQ )D
%DXZHLVHQ YRQ ODXHU XQG 6WHLQVWUXNWXUHQ LC
XQWHUVFKLHGOLFKHQ 1DWXUUIXPHQ .DSLWHO .DS|
ODXHUVWUXNWXUHQ XQG GLH GDUDXV UHVXOWLHUHQGH
ZHUGHQ )DOOEHLVSLHOH DQDO\WLHUW ZHUGHQ EHL GHC
GLH DUFKIRORJLVFKHQ 6WUXNWXUHQ QXU XQYROOVWIQ

.DSLWHO XQG EHVFKUHLEHQ GHWDLOOLHUWH ERGHC(
*UDEXQJVHUJHEQLVVH XQG ZXUGHQ XU hEHUSUIXQJ GH!
.DSLWHO EHVFKULHEHQHQ OHWKRGHQ KHUDQJH]RJHQ

5.1 Der elektrische Widerstand von Mauer- und Steinstrukturen -
ausgewahlte Fallbeispiele

$XV JHRSK\WLNDOLVFKHU 6LFKW VWHOOW HLQH DUF
LP OHVVELOG HLQH $QRPDOLH GDU GLH GXUFK Gl
(LIJHQVFKDIWHQ GHU 6WUXNWXU KHUYRUJHUXIHQ ZL!
'LGHUVWDQGVPHVVXQJHQ VWHOOHQ ODXHU XQG ¢
SBURVSHNWLRQV]LHO GDU .DSLWHO %HL GHU ,QWI
GDVV HLQH DXV 6WHLQ DXIJHEDXWH 6WUXNWXU LP 9HU
HLQHQ K|KHUHQ ! KHUYRUUXIW -HGRFK LVW ] % EHL
=LHIJHOQ DXFK HLQ XPJHGUHKWHV 9HUKIOWQLV G K
QLHGULJHUHQ ! DOV GDV XPOLH BdNgi&Ain%HREG HDQAP DWH U L |

*HQHUHOO VWHOOW VLFK GLH )UDJH ZLH HLQH ODXF
XQG ZHOFKH .RPSRQHQWHQ LQ ZHOFKHP $XVPD% ]XI
,Q S$EELOGXQJ VLQG YLHU YHUVFKLHGHQH DUF
XQWHUVFKLHGOLFKHQ (SRFKHQ DEJHELOGHW GHUHQ +
GLH DXV JHRSK\VLNDOLVFKHU 6LFKW Y|OOLJ XQWHUVF]
'LGHUVWDQGVNDUWLHUXQJ XQG HOHNWULVFKHQ :LGHU
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Abbildung 5-1: ODXHUVWUXNW XD Hi@oan) RWPRBRENGEL &  *'.( 5/3 'LUHNWLRQ
/IDQGHVDUFKIRORRIBRENGBISH\HU

5.1.1 Amiternum

$PLWHUQXP LVW HLQH U|PLVFKH 6WDGW LP $WHUQR 7DC
XQWHU U|PLVFKH .RQWUROOH JHODQJWH DbOWHUH )XQGI
%HVLHGOXQJ GHV *HELHWHYVY P 5DKPHQ HLQHV )RUVFKX
XQG JHRSK\WVLNDOLVFKH 3URVSHNWLRQHQ XQG $XVJU
XQG GLH -RKDQQHV *XWHQEHUJ 8QLYHUVLWIW 0DLQ] V\
OHVVXQJHQ PLW HOHNWULVFKHQ :LGHUVWDQGVPHVVJ
$XVIJUDEXQJ GHU SURVSHNWLHUW H RQengsMiahX & WroAAH Q VWD)

'LH SURVSHNWLHUWH )OIFKH EH¢{¢QGHW VLFK LQ XQPL\
7KHDWHUV YRQ $PLWHUQXP 'XUFK YRUKHULJH *UDEXQJ}F
ODXHUVWUXNWXUHQ IHVWJHVWHOOW GLH DEHU QLFKW
HUIDVVW ZHUGHQ NRQQWHQ GD VLFK GLH 6WUXNWXUHQ
EHIDQGHQ 'DUDXIKLQ ZXUGH HLQH NOHLQH *UDEXQJIV/
HLQJHKHQG PLW GHU HOHNWULVFKHQ :LGHUVWDQGVWRP
ZXUGH $EELOGXQJ JHLJW GLH ,QYHUVLRQVHUJHEQLV)\
UHSUIVHQWDWLYHQ 3UR:OV DXV GLHVHP 'DWHQVHW

'LH *UDEXQJ OHJWH DXI HLQHU )OIFKH YRQ [ P HLQH
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GHU *UHQ]H GHU *UDEXQJVAIFKH LQ HLQHP f :LQNHO
ODXHU EHVWHKW DXV ]JZHL 6WHLQVHW]XQJHQ DXV ORNI
OJUWHO ]XVDPPHQJHKDOWHQ ZHUGHQ 3DUDOOHO GD]X Y
FDHPHQWLWLXP O GLH MHGRFK WLHIHU OLHJW DOV OI
DXl *UXQG LKUHU 7LHIHQODJH QLFKW DEJHELOGHW ZHUC

Abbildung 52 ,QYHUVLRQHUJHEQLV GHV (57 3UR,OV $0 PLW 5HV ',QY $

Abbildung 5-3: 3BRVLWLRQ GHU (57 3UR{OH DXI| GHU *UDEXQJVAIFKH EHL $

'‘DV XPOLHIJHQGH %YRGHQPDWHULDO LVW VWDUN WRQKD ¢
XQG 6WHLQPDWHULDO DQJHUHLFKHUW ZDV VLFK LQ HL
BUR¢({OHQ IX%HUW S$EE $ ‘'LH UHODWLY QLHGULJHQ
VLFK GXUFK 5HJHQIIOOH DP 9RUDEHQG GHU OHVVXQJ HU
GLH GXUFK GHQ HUK|KWHQ :DVVHUJHKDOW QLHGULJH
ODXHUVWUXNWXU DXI]XWUHWHQ ZDV DXI HLQHQ (LQAXYV
9HUVLFNHUXQJVSUR]HVV GHV 5HIJHQZDVVHUV LP %YRGHQ

$QKDQG GHU *UDEXQJVHUJHEQLVVH LQ $PLWHUQXP OD
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HOHNWULVFKHQ :LGHUVWDQGVYHUIDKUHQ ZLFKWLJH $X
H[WUDKLHUHQ ODXHUVWUXNWXU EHVWHKW DXV .DONV'
ZHUGHQ YRQ O|UWHO PLW HEHQIDOOV KRKHP ! DXVJH I
*EHU HLQHQ IKQOLFKHQ ! YHUI+JHQ LVW GLH B6WUXN\
ZHLWHVWJHKHQG KRPRJHQ DQ]JXVHKHQ (LQH KRPRJH(
3DUDPHWHU VLFK LP -DKUHVYHUODX|I YHUPXWOLFK Q
GLH ORGHOOLHUXQJ GHU ODXHUVWUXNWXU HLQ HLQID
ODQJIULVWLJH 9HUIQGHUXQJ GHU SK\VWLNDOLVFKHQ 3
PHFKDQLVFKH =HUVW|UXQJ GXUFK ODQGZLUWVFKDIWOL

5.1.2 Katzenbach

'LH GHWDLOOLHUWH %HVFKUHLEXQJ XQG $QDO\VH GHU
DUFKIRORJLVFKHQ $XVJUDEXQJHQ GHU YLOOD UXVWLF]
GDUJHVWHOOW 'HQQRFK VROO GHU $XIEDX GHU 6WHLQ\
KHUDQJH]RJHQ ZHUGHQ GD VLFK LQ GLHVHP )DOO GHU
GHP )DOOEHLVSLHO DXV $PLWHUQXP XQWHUVFKHLGHW

,Q .DWJHQEDFK VLQG OHGLJOLFK GLH )XQGDPHQWH GHU
VLFK FD FP XQWHU GHU (UGREHUAIFKH XQG JHLJHQ DC
GXUFK ODQGZLUWVFKDIWOLFKH %YHZLUWVFKDIWXQJ $EE
DQVWHKHQGHU 6DQGVWHLQ YHUZHQGHW GHU LQ HLQH
NDQQ YRP XPOLHIJHQGHQ %YRGHQPDWHULDO DQ +DQG Gl
ZHUGHQ (LQH $XVULFKWXQJ GHU HLQJHOQHQ 6WHLQH |
*U|%H XQG )RUP GHU YHUZHQGHWHQ 6WHLQH LVW NHLQH
YXQGDPHQW NRQQWH DQ HLQLJHQ 6WHOOHQ QRFK GHU
%»DVDOW DQJHWURIIHQ ZHUGHQ 'D KLHU GLH HLQ]JHOQ&H
gesetzt wurden, handelt es sich wahrscheinlich um die erste Lage des aufgehenden
ODXHUZHUNHYV

=ZLVFKHQ GHQ HLQ]JHOQHQ 6DQGVWHLQHQ GHV )XQGD
PLW HLQHP UHODWLY KRKHQ 7RQJHKDOW FD GD!
'LGHUVWDQG HLQHQ KRKHQ .RQWUDVW ]XP 6WHLQPDW
ODXHUVWUXNWXUHQ LQ $PLWHUQXP LVW GLHVH 6WHI
]ZHLSKDVLJHV OHGLXP PLW HLQHP KRKHQ XQG HLQHP
HLQHU HOHNWULVFKHQ :LGHUVWDQGVPHVVXQJ DEHU D¢
*HVDPWZLGHUVWDQG GDUJHVWHOOW ZLUG )sU GLH EHL
HLQH XQWHUVFKLHGOLFKH 9HUIQGHUXQJ GHU SK\VLND
GHQ ! EHHLQAXVVW :IKUHQG GDV %RGHQPDWHULDO L
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J\NOLVFKH 9HUIQGHUXQJ GHV :DVVHUJHKDOWHYV GXUFK
HLQH ODQJIULVWLJH 9HUIQGHUXQJ ! -DKUH GXUFI
=HUVW|UXQJ DQ]XQHKPHQ

5.1.3 Donnersberg

'LH :DOODQODJHQ YRQ HLVHQ]HLWOLFKHQ 6LHGOXQJHQ
HLQH EHVRQGHUH )RUP GHU B6WHLQVWUXNWXUHQ GDU

(UKHEXQJHQ LQ GHU /DQGVFKDIW VLFKWEDU ,KUH *HPF
GHU ODXHUVWUXNWXUHQ GLH QXU GXUFK +ROJNRQVWL
GDYRQ VLQG MHGRFK Y|OOLJ XQWHUVFKLHGOLFKH DUFK
WHLOZHLVH DQ GHQ QDWe*UOLFKHQ *HJHEHQKHLWHQ RUL
YRQ -XOLXV &DHVDU EHVFKULHEHQH APXUXV JDOOLFXV
UeFNZIUWLJHQ 6WsW]PDXHU EHVWHKW GLH LP =ZLVFKH
+ROJNRQVWUXNWLRQHQ XQG )sOOPDWHULDO VWDELOLVL
DOOHP LQ 5KHLQODQG 3IDO] XQG GHP 6DDUODQG YRUN
GHU GLH J)URQWPDXHU LQ UHJHOPI%LJHQ $EVWIQGHQ Y
GXUFK]J]RJHQ LVW 'LH ODXHU ZLUG DXI GHU 5¢FNVHLWH

(UGZDOO RGHU HLQHU ZHLWHUHQ ODXHUVWUXNWXU PLW )
LQ 5KHLQODQG 3IDO] EH_{QGHW VLFK HLQ FD KD JUR %
PLW HLQHU *HVDPWOIQJH YRQ NP EHIHVWLIJW LVW XQ
RSSLGD LQ (XURSD JHK|UW 'LH :DOODQODJH LVW DOV 3
UeFNZIUWLJ DQJHVFK*WWHWHP %RGHQ XQG 6WHLQPDW
ZXUGH GHU ORNDO DQVWHKHQGH 5K\RZ&kMN¢ GHV 'RQQH
,P ORUIHOG HLQHU *UDEXQJ DQ HLQHP =DQJHQWRU LP -L
GHQ $XIEDX XQG (UKDOWXQJV]XVWDQG GHU :DOODQOD]J
YLHU (57 3UR:.OH SDUDOOHO ]XHLQDQGHU DQJHOHJIW X
GXUFKI*KUHQ ]X N|]QQHQ $0OOH (57 3UR¢OH ZXUGHQ PLW
XQG HLQHU WRSRJUDSKLVFKHQ .RUUHNWXU XQWHU]JRJHC

'XUFK GLH *UDEXQJ ZXUGH DXVJHKHQG YRQ GHU 7RUDQO
HLQHU /IQJH YRQ P IUHLJHOHJW 'DEHL ZXUGH GHXWOL
KDQGHOW S$EE & (V ZLUG DQJHQRPPHQ GDVV GLH
MHZHLOV HLQH XPIDVVHQGH 5HSDUDWXUPD%QDKPH GHU
GHU ODXHUQ EHVWHKW DXV VRUJIIOWLJ DQJHRUGQHWH(
VLH JU|[%WHQWHLOV PLW NOHLQHUHQ 6WHLQHQ DXIJHIe
BWHLQHQ NHLQ OHLWIIKLIHV %RGHQPDWHULDO EH{QGH
+RKOUIXPH ]JZLVFKHQ GHQ BWHLQHQ ]X ¢QGHQ VLQG /HC
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VFKHLOQW %RGHQPDWHULDO XQG RUJDQLVFKHV ODWHULLI
XUVSU*QJOLFK ]JZLVFKHQ XQG P KRKH ODXHUIURQW LV
ZDV GXUFK HLQH JUR%H OHQJH DQ 6WHLQPDWHULDO YR
ZXUGH 'DV YHUVWsU]WH ODWHULDO LVW LP *HJHQVDW] ].
OLVFKXQJ DXV 6WHLQ XQG %RGHQPDWHULDO

'HU EHVFKULHEHQH $XIEDX GHU :DOODQODJH OIVVW VLF
QDFKYROO]JLHKHQ XQG VRJDU HUJIQ]HQ (LQ HUVWHYV (57 :
YRQ P ZXUGH VR DQJHOHJW GDVV GLH hEHUUHVWH G
P|JJOLFKH 6WUXNWXUHQ LP 8PIHOG GHU :DOODQODJH HU
NRQQWH HLQH $QRPDOLH PLW HLQHP QLHGULJHQ ! LGHC
HLQHQ *UDEHQ YHUXUVDFKW ZLUG

Abbildung 5-4: ,QYHUVLRQHUJHEQLV GHV (57 3UR;OV DP =DQJHQWRU PLW

$EELOGXQJ JHLJW GLH GUHLGLPHQVLRQDOHQ ,QYHUV
DQJHRUGQHWHQ (57 3UR,OH LP XQPLWWHOEDUHQ 8PIHC
| tHUWH VLQG DOV ,VR )OIFKHQ GDUJHVWHOOW XQG DX
%HVWDQGWHLOH GHV :DOOV IRNXVVLHUW 'LH ODXHUVW!
KRKHP ! DQJHVSURFKHQ ZHUGHQ XQG ELOGHW HLQHQ Gl
ODWHULDO YRU GHP :DOO XQG GHU U*FNZIUWLJHQ 9HU
'LGHUVWDQG DXIZHLVHQ (LQH KLQWHU GHP :DOO YHUC
NIQQWH P|JOLFKHUZHLVH GXUFK HLQHQ YHUI-OOWHQ *U
HLQH :DVVHUVWDXXQJ GXUFK GLH :DOODQODJH LVW DOV
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Abbildung 5-5: ,QYHUVLRQVHUJHEQLY GHU TXDVL ' (57 SURVSHNWLRQ DP

'HU 9HUJOHLFK ]ZLVFKHQ GHQ OHVVHUJHEQLVVHQ DP 'RC
QXU FD NP /XIWOLQLH YRP 'RQQHUVEHUJ HQWIHUQW O
XQG 6WHLQVWUXNWXUHQ MH QDFK (SRFKH XQG /RNDOLW
ZLHGHUXP (LQAXVV DXI GLH HOHNWULVFKHQ :LGHUVWD(
OLHJHQ ]J]ZLVFKHQ P .DW]JHQEDFK XXG FD P "R

5.1.4 Otzenhausen

'DV RSSLGXP LP QI UGOLFKHQ 6DDUODQG EHL 2W]J]HQKDXYV
HLQH HLVHQ]JHLWOLFKH 6LHGOXQJ GLH GXUFK HLQH :DC
GHU Q|UGOLFKH 7HLO GHU :DOODQODJH LVW LQ HLQHU |
GHU ELV ]X P KRKH :DOO DXJHQVFKHLQOLFK QXU DXV O
DQVWHKHQGHU 4XDU]JLW EHVWHKW $EE $ 2E GLH .F
SHUWHLGLJIJXQJV]ZHFN HUI-OOWH RGHU DXV UHSUIVHQWI
ZXUGH LVW ELVODQJ ®#bkKrR QLFKWHEWNDRDW LVW ELVO
EHNDQQW RE GDV KHXWLJH $XVVHKHQ HLQHP YHUVW-.U]'
RGHU RE GHU :DOO EHUHLWY LQ GLHVHU )RUP JHSODQW
DXl *UXQG GHU ,QVWDELOLWIW GHU JHVWDSHOWHQ 6W
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ORJLVWLVFKHQ $X1ZDQG JHVFKHLWHUW XQG KHXWH QLF
*UDEXQJVVFKXW]JHELHW DXVJHZLHVHQ LVW %HNDQQW I
1RUGZDOOV GLH hEHUUHVWH H HQAMcKOBABNUHQ (UGZDOOV

Abbildung 5-6: (57 DP 1RUGZDOO GHV +XQQHQULEBNEHL 2W]JHQKDXVHQ )i

(57 ZXUGH DP 1RUGZDOO HLQJHVHW]W XP GHU )UDJH
GHP 6WHLQPDWHULDO RGHU hEHUUHVWHQ YRQ ODXHUV
Steinmaterial kein guter Elektrodenkontakt zum Untergrund erreicht werden konnte,
ZXUGH HLQH OHWKRGH ]XU OHVVXQJ GHV ! YRQ 6WHLQKD
*HELHWHQ DGDSWLHUW 'DEHL ZHUGHQ $UPLHUXQJVHL
PLW HLQHP 6FKZDPP XPPDQWHOW GHU PLW HLQHU OHL

% Hauck 2001;HAauck HW DO LH HUZDUWHW ZXUGHQ H
JHPHVVHQ GD HLQ 6WURPAXVV EHL HLQHU VROFKHQ 6W'l
GDV 6WHLQPDWHULDO VWDWW:;QGHQ NDQQ (YHQWXHOO
‘DVVHU¢{OP DX| GHU 6WHLQREHUAIFKH ALH%HQ -HGRFK
HOHNWULVFKH 3IDGH YRUOLHJHQ

'LH (UJHEQLVVH GHU (57 3UR¢OH $EE VWeW]HQ GLH
GHU VLFK GXUFK HLQHQ QLHGULJHUHQ ! YRQ GHQ GDU+E|
'LH DOV (UGZDOO LQWHUSUHWLHUWH $QRPDOLH NRQQW
27= 6 IHVWIJHVWHOOW ZHUGHQ 'LH H[WUHP KRKHQ |
UHVXOWLHUHQ DXV GHQ ORVH JHVWDSHOWHQ 6WHLQHQ |
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VLQG ]ZDU ORNDOH $QRPDOLHQ VLFKWEDU GLHVH NRU!I
$QRPDOLHQ EHL DQGHUHQ HLBRENGELHL W O L' BKG IQH MDHD DXOGHF
LQ GHQ EHLGHQ (57 3UR¢({OHQ DQ XQWHUVFKLHGOLFKHQ
XQWHUVFKLHGOLFKHQ $XVSUIJXQJ GHU 6WHLQSDFNXQJ
ODXHUVWUXNWXU DXV]XJHKHQ hEHU GHU 6WHLQSDFN)
QLHGULJHUHP HOHNWULVFKHP :LGHUVWDQG GHU YHUP
‘DVVHU;OP DX| GHQ 6WHLQHQ XQG DXFK YRQ QDFKWUI
KHUYRUJHUXIHQ ZLUG $Q HLQLJHQ 6WHOOHQ DXI GHP 1R
JHIXQGHQ ,Q GLHVHQ %HUHLFKHQ NRQQWH RUJDQLVFKF
GHQ LP 8QWHUVXFKXQJVJHELHW YRUKHUUVFKHQGHQ NC
HLQHQ KRKHQ :DVVHUJHKDOW DXIZHLVW 'LH +RKOUIXPH
DOVR YRQ GHU 2EHUAIFKH KHU PLW OHLWIIKLIJHUHP 0DW
GHVY HOHNWULVFKHQ :LGHUVWDQGHV GHU BWHLQVWUXN
$XJHQ GDVV VLFK PDQFKH 6WHLQVWUXNWXUHQ DXV JH
GLH MDKUHV]HLWOLFK EHGLQJWH 9HUIQGHUXQJ LKUHU ¢
GDUVWHOOHQ VRQGHUQ DXFK HLQH ODQJIULVWLJH 9HU
NDQQ

Abbildung 5-7: ,QYHUVLRQVHUJHEQLVVH GHU (57 3UR¢{OH DP 1RUGZDOO G

5.1.5 Zusammenfassung

'LH 8QWHUVXFKXQJ YRQ ODXHU XQG 6WHLQVWUXNWXUF
XQG DUFKIRORJLVFKH *UDEXQJHQ JHLJW GDVV GLHVFE
6LFKW QLFKW LPPHU HLQHQ KRPRJHQHQ .[USHU GDUV
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LKUH XUVSU*QJOLFKH %DXZHLVH JXP DQGHUHQ GXUFI
ZLH 9HUZLWWHUXQJ XQG DQWKURSRJHQH =HUVW]|UXQ
+HWHURJHQLWIW HLQHU 6WUXNWXU NDQQ UHODWLY VYV
ZIKUHQG VLH EHL DQGHUHQ 6WUXNWXUHQ GHUVHOEH
$PLWHUQXP 'HVKDOE P*VVHQ LQ YLHOHQ )IOOHQ O0OD
.JUSHU DXIJHIDVVW ZHUGHQ GHUHQ YHUVFKLHGHQH
JHRSK\WLNDOLVFKHQ $XVSUIIJXQJ XQWHUVFKLHGOLFK
YRQ ORGHOOHQ GLH GHQ (LQAXVV GHU 9HUIQGHUXQJ D
HOHNWULVFKHQ :LGHUVWDQGVPHWKRGHQ DEVFKIW]HQ

5.2 Die Fallbeispiele Mauchenheim und Offenheim

,P YRUOLHJHQGHQ .DSLWHO ZHUGHQ GLH (UJHEQLVVH
EHVFKULHEHQ EHL GHQHQ GLH OHWKRGHQ GLH DUFKIRO
JDU QLFKW DEELOGHQ NRQQWHQ (V KDQGHOW VLFK XP C
LP 5DXP $O]JH\ PLW HOHNWULVFKHU :LGHUVWDQGVNDUWL
=XGHP ZHUGHQ GLH (UJHEQLVVH PLW %HZXFKVDQRPDOLI

'LH EHLGHQ XQWHUVXFKWHQ DUFKIRORJLVFKHQ )XQGVV
OLHJHQ FD NP YRQHLQDQGHU HQWIHUQW 'LH *HRORJ
GHQ PDULQHQ .*VWHQ XQG %HFNHQVHGLPHQWHQ GHV C
6SDQQEUHLWH YRQ 7RQPHUJHOQ ELV ]X VDQGLJHQ ..V
5/3 'LH /DJH GHU EHLGHQ )XQGVWHOOHQ HUP|JOLI
GHU )DOOVWXGLHQ GD VLFK GLH WRSRJUDSKLVFKHQ K
9RUDXVVHW]XQJHQ VHKU IKQOLFK VLQG

5.2.1 Mauchenheim

‘'LH 3DODVWYLOOD EHL ODXFKHQKHLP LVW HLQH C
(LQIJHOVLHGOXQJHQ LQ GHU 5HJLRQ $0O]JH\ 6LH EH¢{;QG
6*GRVW +DQJ LQ XQPLWWHOEDUHU 1IKH GHU 6HO] XC
JHUVW|UXQJIJVIUHL XQWHUVXFKWHQ U|P KM HIP8;6 LHG O X
WECKMULLER & BURGER 2013; FauL 'XUFK HLQH JUR%H $Q]DKO D
LVW GDV $XVPD% GHV +DXSWJIJHEIXGHV JU|%WHQWHL
(LQVDW]JHV GHU ORNDOHQ %HY|ONHUXQJ YRU GHU =H
%YHZLUWVFKDIWXQJ JHVFKW]W ZHUGHQ (LQH 5HNRQVW

¢ QGHW WecHmBLLER & BURGER $XI GHP /XIWELOG YRQ -XQL
+DXSWJHEIXGH VRZLH ZHLWHUH 6WUXNWXUHQ GHU 6]
AXDOLWIW DQVSUHFKEDU $EE %YHVRQGHUV GHXW
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+DXSWJIJHEIXGHYV DOV QHJDWLYH %HZXFKVPHUNPDOH

ZHVWOLFKHQ %HUHLFK GHV +DXSWJHEIXGHV JUR% AIF]
GHU 9HUODXI GHU ODXHUVWUXNWXUHQ sEHUGHFNW 'LF
YRQ 6WUHVVUHDNWLRQHQ GHU 3ADQ]JHQ GLH GXUFK H
%RGHQ KHUYRUJHUXIHQ ZLUG 'LH :DVVHUYHUIsJEDUNH
PLW GHQ ORNDOHQ %RGHQHLJHQVFKDIWHQ XQG GHQ [
VLFK EHUHLWV LQ GLHVHQ $XIQDKPHQ DQ GDVV GDV 8
ERGHQSK\VLNDOLVFKHQ 3DUDPHWHU XQG P|JOLFKHUZH
NOHLQUIXPOLFK YDULDEHO LVW

Abbildung 5-8: /I XIWELOG GHU 3DODVWYLOORHa#L ODXFKHQKHLP /XIWELO!

5.2.1.1 Geophysikalische Prospektionen

,P ODL ZXUGHQ DXI HLQHU )OIFKH YRQ [ P 7THVWPF
'LGHUVWDQGVNDUWLHUXQJ 50 YRQ *HRVFDQ 5HVHDUF
,QVWUXPHQWYV VRZLH HLQHP %RGHQUDGDU PLW HLQHU N
5,6 0) +L PRG YRQ ,'6 GXUFKJHI*KUW XP GHQ (UKDOW X
]X HUIRUVFKHQ
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5.2.1.1.1 Elektrische Widerstandskartierung

'XUFK GLH HOHNWULVFKH :LGHUVWDQGVNDUWLHUXQJ
]ZLVFKHQ XQG JHMHWH®R YRRV | XQG P HQ
$XI11100OLJ LVW GDVV GLH DUFKIRORJLVFKHQ 6WUXNWXUH
KIKHUH :LGHUVWDQGVDQRPDOLHQ YHUXUVDFKHQ $EE

'LH ODXHUVWUXNWXUHQ VRZLH HLQH JUR%H AIFKHQKDI\

'LGHUVWIQGH LP %HUHLFK ELV UHSUIVHQWLHUW
/IDJH GHU 3URVSHNWLRQVAIFKH GLH ODXHUVWUXNWXUHQ
ELV DEJHELOGHW ZHUGHQ 'LH QLHGULJVWHQ HO

I VWOLFKVWHQ %YHUHLFK GHV OHVVIHOGHYV JHPHVVHQ XQ
YHUPXWOLFK HLQHU QDW+ UOLFKHQ SDOIRJHRJUDSKLVFK

Abbildung 590 (OHNWULVFKH :LGHUVWDQGVNDUWLHUXQJ XQG (57 3UR¢O |

5.2.1.1.2 Elektrische Widerstandstomographie

'DV (57 3UR¢O ZXUGH VR DQJHOHJW GDVV HV P|JOLFKVW
XQWHUVFKLHGOLFKHQ %HUHLFKH LP :HVWHQ XQG 2VWHC
OHVVXQJHQ ZXUGHQ PLW HLQHU 6FKOXPEHUJHU .RQ¢JXU
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YRQ P GXUFKJHI-KUW 'HU :HUWHEHUHLFK OLHJW ]JZLVF
GUHL ODXHUVWUXNWXUHQ KHEHQ VLFK DOV $QRPDOLH
%YRGHQPDWHULDO DE :IKUHQG GLH EHLGHQ |[VWOLFKHQ
P YHUXUVDFKHQ $EE JHLFKQHW VLFK GLH GULWWH
3UR¢{OV GXUFK HLQHQ :HUW YRQ PHKU DOV P DXV 'D
GHUVHOEHQ 7LHIH EH¢QGHQ NDQQ YRQ HLQHP UHODWLY
ZHUGHQ 'HU HLQ]JLJH HUNHQQEDUH 8QWHUVFKLHG JZLVF!
GHU 6WUXNWXU VHOEVW VRQGHUQ LP ! GHV XPOLHJHQG
ODXHUVWUXNWXUHQ ZHUGHQ YRQ %YRGHQPDWHULDO PLYV
ELV P ,P *HIHQVDW] GD]X EH¢QGHW VLFK GLH ZH)\
%YHUHLFK PLW HLQHP ! YRQ FD P (LQH ZHLWHUH WLFH
(OHNWURGHQSRVLWLRQHQ XQG ELOGHW GLH K|FKVW
GXUFK HLQ )XQGDPHQW RGHU HLQ +\SRNDXVW YHUXUVDF
HLQGHXWLJ LQ GHQ 3URVSHNWLRQVHUJHEQLVVHQ GHU
GHV %YRGHQUDGDUYV LGHQWL¢,]JLHUW ZHUGHQ GD VLH HL
GLH (LQGULQJWLHIH GHU EHLGHQ OHWKRGHQ EHL GHQ Y|
JHZIKOWHQ .RQ¢JXUDWLRQ *EHUVFKUHLWHW

5.2.1.1.3 Bodenradar

'LH OHVVXQJHQ PLW GHP %RGHQUDGDU ZXUGHQ DXI G
‘LGHUVWDQGVNDUWLHUXQJ GXUFKJHI+KUW 'LH LQ S$EEL
UHSUIVHQWLHUHQ GLH AIFKHQKDIWHQ 5HAHNWLRQHQ G
]XVDPPHQJHIDVVWHQ 7LHIH YRQ MHZHLOV FP $E HLQH
OLQHDUHQ $QRPDOLHQ GLH GHP 9HUODXI YRQ ODXHUV\
ZHUGHQ

,Q TLPHVOLFH E]Z HLQHU 7LHIH YRQ FP LVW HUQF
IVWOLFKHQ XQG ZHVWOLFKHQ %HUHLFK GHU 3URVSHNYV
ZHVWOLFKHQ %YHUHLFK QHEHQ GHQ ODXHUVWUXNWXUHQ
VLQG HUIROJW DE OHWHU DXI GHU ; $FKVH HLQ DEUXS)
IVWOLFKHU 5LFKWXQJ QXU QRFK GLH ODXHUVWUXNWXUH
GXUFK YHUVW<U]WHVY ODXHUPDWHULDO RGHU HLQJHOQH
QLFKW VLFKWEDU 'LH *UHQ]H ]JZLVFKHQ GHQ XQWHUVFK
ODXHUVWUXNWXU EHL (OHNWURGH LP (57 3UR¢O GLH
PLW QLHGULJHP HOHNWULVFKHP :LGHUVWDQG PDUNLHUYV
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Abbildung 5-10: 7LPHVOLFHYVY GHU %RGHQUDGDU 3URVSHNWLRQ 0+] $
ODXFKHQKHLP

5.2.1.2 Analyse

$0O0OH DQJHZHQGHWHQ JHRSK\WLNDOLVFKHQ OHWKRGHQ
GHU 3URVSHNWLRQVAIFKH XQG YHUGHXWOLFKHQ GLH
DXI GLH 3URVSHNWLRQVHUJHEQLVVH XQG GLH DUFKIRC
*UsQGH I+U GLHVH XQWHUVFKLHGOLFKHQ 3URVSHNWLR
OLHJHQ YHUPXWOLFK LQ GHQ ERGHQSK\VLNDOLVFKHQ
GHV XPOLHJHQGHQ ODWHULDOV XQG VLQG QLFKW GLU
DUFKIRORJLVFKHQ 6WUXNWXUHQ EHJU<QGHW 'LH JHR
$O]H\ /*% 5/3 OLHIHUW HUVWH $QKDOWVSXQNWH «F
BHGLPHQWH VRZLH GLH K\GURORJLVFKHQ *HJHEHQKHL
YRQ ]ZHL B6HLWHQ YRQ %DFKOIXIHQ HLQJHUDKPW ,P
SLFKWXQJ 1RUG 2VWHQ HQWZIVVHUW 9RQ 1RUGHQ AL
NDQDOLVLHUWHU %DFK LQ 5LFKWXQJ GHU 6HO] ,Q $EI
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]X GHP 1RUG 6¢G YHUODXIHQGHQ DVSKDOWLHUWHQ :H.
GHQ %HUHLFK GHV %DFKODXIV KROR]JIQH 6HGLPHQWH

%DFKWHUUDVVHQ PLW DEZHFKVHOQGHQ )D]JLHV DXV VL
WRQLJHQ +RFKAXWVHGLPHQWHQ HQWVSUHFKHQ ,P 8Q\
$XHQVHGLPHQWH JHQDX LP |[VWOLFKHQ %HUHLFK GHU

PDQ LQ %HWUDFKW GDVV EHL HLQHU JHRORJLVFKHQ
8QJHQDXLIJNHLWVIDNWRU HLQH 5ROOH VSLHOW N|QQW
ELV LQ GDV 3URVSHNWLRQVJHELHW UHLFKHQ XQG PLW
NRUUHOLHUHQ +LQ]X NRPPW GDVV HKHPDOLJH %DFKO
QRFK DQ HLQHQ UH]JHQWHQ %DFKODXI| JHNRSSHOW VLQ
%RGHQ XQG HUK|KWHP :DVVHUJHKDOW LVW HLQH P|JOL
%RGHQPDWHULDOV XQG GHQ JHULQJHQ .RQWUDVW ]ZLV
(LQH IKQOLFKH $XVZLUNXQJ GHU ERGHQSK\VLNDOLVFFk
%RGHQUDGDU 'XUFK HLQH HUK|KWH %RGHQIHXFKWH

IVWOLFKHQ %HUHLFK GHU 3URVSHNWLRQVAIFKH Z-UG
DUFKIRORJLVFKHQ 6WUXNWXU |XP XPOLHJHQGHQ ODWH

5.2.1.3 Elektrisches Widerstandsmodell fiir Mauchenheim

'‘DV HOHNWULVFKH LGHUVWDQGVPRGHOO I-U ODXFKHC
HOHNWULVFKHQ :LGHUVWDQGVWRPRJUDSKLH PLW GHU
GDUDXV EHUHFKQHWH XAH&NW RLWXQHIWGKBRIWZDUH SHV ', Q
JRNXV GHU ORGHOOH VWHKW GHU (LQAXVV GHV ! GHV %F
'LGHUVWDQGVDQRPDOLH GXUFK GLH ODXHUVWUXNWXUHC

$O0V *UXQGODJH GHV ORGHOOV IXQJLHUW HLQ (57 3URy
(OHNWURGHQDEVWDQG YRQ P 'LH ODXHUVWUXNWXU E
EHVLW]W HLQH *U|%H YRQ _ YRQ P XQ&° HLIGHBHVFKUL]
8QWHUVFKLHGH LP HOHNWULVFKHQ :LGHUVWDQG GHV %R
%HUHLFKY GHU 3URVSHNWLRQVAIFKHI YKHUHRBQ | V H@VBL H U |
JHZIKOW S$EE 'D NHLQH %RGHQSUREHQ ]XU %HUHF
ZHUGHQ NRQQWHQ XQG NHLQH GHWDLOOLHUWHQ $QJD
EHNDQQW VLQG KDQGHOW HV VLFK EHL GHQ JHZIKOW!
$QJDEHQ EDVLHUHQG DXI GHP (57 3UR¢O =XVIW]OLFK Z)
GDV %RGHQPDWHULDO ZHLWHVWJHKHQG KRPRJHQ LVW
6FKOXPEHUJHU (OHNWURGHQNRQ¢JXUDWLRQ ]XP 9HUJOH
3RO (OHNWURGHQNRQ¢JXUDWLRQ [XP 9HUJOHLFK PLW G
GXUFKJHI*KUW 'LH 3RO 3RO OHVVXQJHQ HUJDEHQ HLQHC
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XQG XPOLHJHQGHP %RGHQPDWHULDO FD P EHL HLC
ZDV LP (LQNODQJ PLWS&®HAR HW HDQ L Wisst § QrGEQ
VWHKW $XV $EELOGXQJ OIVVW VLFK EHLP 9HUJOHLFK
UHDOHQ 'DWHQ DX%HUGHP GLH 8QJHQDXLJNHLW EHL GH
'LH +|FKVWZHUWH GHU HOHNWULVFKHQ :LGHUVWDQGVNE
P ZIKUHQG GDV ORGHOO :HUWH YRQ *EHU P KHUYRUU

'LHV OIVVW GLH B6FKOXVVIROJHUXQJ ]X GDVV ]ZHL
ODXHUVWUXNWXUHQ GLH VLFK LQ ]ZHL DXV JHRSK\V
%|GHQ EH{;QGHQ EHL GHU 3URVSHNWLRQ PLW GHU
HLQHQ XQWHUVFKLHGOLFKHQ .RQWUDVW ]ZLVFKHQ GI
GHP %RGHQPDWHULDO YHUXUVDFKHQ $XV 6LFKW GHU
EHL GHU %HXUWHLOXQJ GHV (UKDOWXQJV]XVWDQGHV
‘LGHUVWDQGVPHVVXQJHQ EHL JOHLFK]JHLWLJHU VWDUI
GHU )XQGVWHOOH HLQH HUK|KWH 9RUVLFKW EHL GHU ,
QRWZHQGLJ LVW

Abbildung 5-11: (OHNWULVFKHV :LGHUVWDQGVPRGHOO I+U ODXFKHQKHL
XQWHUVFKLHGOLFKHQ +LQWHUJUXQGZLGHUVWIQGHQ
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Abbildung 5-12: (UJHEQLV GHU $QZHQGXQJ GHU 3RO 3RO .RQ¢.JXUDWLRQ
ODXFKHQKHLP

5.2.2 Offenheim

$XV GHU *HPDUNXQJ 2IIHQKHLP LVW HLQH ZHLWHUH 3
$XVPD%HQ GHU ODXFKHQKHLPHU 3DODVWYLOOD IKQHO!
/IDJH XQG *UXQGULVV GHU +RID@DJH JUYPHWRQBEHU® VI’
DXVIJHSUIJWH %HZXFKVPHUNPDOH DXI HLQHP /XIWELOG
JHLIJHQ HLQ TXHUD[LDO DXIJHEDXWHYV +RIDUHDO PLW P|
HLQHP UHSUIVHQWDWQO¥NDGH +DXSW.IHBDOGHIVWUXNW XUHC
QHIJDWLYH %YHZXFKVDQRPDOLHQ VLFKWEDU XQG YHUPLW
GHV +DXSWJHEIXGHYV

'DV 8QWHUVXFKXQJVJHELHW OLHJW |VWOLFK YRQ 2IIH
DXVJHULFKWHWHQ OHLFKW JHQHLJWHQ +DQJ DQ GHVVF
'LH )OIFKH ZLUG ODQGZLUWVFKDIWOLFK JHQXW]W KDX
JUXFKWIROJH YRQ =XFNHUU*EHQ XQG :LQWHUZHL]JHQ ,C
PD[LPDOH 3AXJWLHIH FD FP DOOHUGLQJV N|QQHQ G.
HLQJHVHW]WHQ 9ROOHUQWHU WLHIHUH %RGHQHLQJULIIH
EH,QGHW VLFK GDV 8QWHUVXFKXQJVJHELHW LP $O]H\HU
PD%JHEOLFK GXUFK GLH PDULQHQ 6HGLPHQWH GHV 0DLC
BHGLPHQWH WUHWHQ LP 8QWHUVXFKXQJVJHELHW DOV
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*VWHQVHGLPHQWHQ DXI GLH HLQ EUHLWHV 6SHNWUXP
%YHFNHQVHGLPHQWHQ OHUJHO ELV KLQ ]X VDQGLJHQ .-
OHHUHVVDQG 6FKOHLFKVDQG XPIDVVW 'LH WHUWLIUH -
IIVV XQG KROR]JIQHQ $XHQVHGLPHQWHQ *EHUODJHUW [*¢

Abbildung 5-13: / XIWELOG GHU 3DODVWYLOW REefoW LSUFKQKIRIAXI/XIWELOG

$XI GHU /XIWELOGDXIQDKPH YRQ $QIDQJ -XOQL JHL
+DXSWJIHEIXGHV VRZLH PHKUHUHU 1HEHQJHEIXGH DOV ¢
$XJHQPHUN VHL KLHUEHL DXI GHQ |[VWOLFKHQ XQG ZH
XQG GDV 1HEHQJHEIXGH LQ GHU V+G|VWOLFKHQ (FNH GFH
GHV 1HEHQJHEIXGHV LVW GHU *UXQGULVV HUNHQQEDU
LVW DQVSUHFKEDU 'DV 1HEHQJHEIXGH LVW ]ZDU DOV
QLFKW VR GHXWOLFK DXVJHSUIJW ZLH GHU *UXQGULVYV
NJQQHQ DEJHVHKHQ YRQ GHU DUFKIRORJLVFKHQ ,QWHU
%RGHQYHUKIOWQLVVHQ JHZRQQHQ ZHUGHQ ,P V<GOLFK
GHV NDQDOLVLHUWHQ %DFKHV ]JHLJW GLH 9HJHWDWLRQ
GLH KIX¢J LP =XVDPPHQKDQJ PLW HLQHU HUK|KWHQ %R
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%HUHLFK HQGHW DEUXSW DQ HLQHU :HVW 2VW YHUODXII
WRSRJUDSKLVFKHQ .DUWHQ GHP 9HUODXI| HLQHV HKHPD
JHLJW VLFK GDVV GLH 3URVSHNWLRQVAIFKH DXV ERGH
NHLQH KRPRJHQH )OIFKH ]X VHLQ VFKHLQW

5.2.2.1 Geophysikalische Prospektion

P =XJH HLQHU VWXGHQWLVFKHQ $EVFKOXVVDUEHLW DP
"RKDQQHV *XWHQEHUJ 8QLYHUVLWIW 0DLQ] XQG LQ .RR
O0DLQ] VRZLH GHU *HPHLQGH 2IIHQKHLP ZXUGH LP :LQWHE
)XQGVWHOOH PLWWHOV JHRSK\VLNDOLVFKHU OHWKRGHQ
*EHU GHQ (UKDOWXQJV]XVWDQG VRZLH GLH )XQNWLRQ H
=XP (LQVDW] NDPHQ DXI H L Qditl¢lekDisEhé WidéRt@ndskartierBng

50 YRQ *HRVFDQ 5HVHDUFK (57 6<6&%$/ 3UR YRQ ,5,6 ,C
*HRPHWULFV * VRZLH HLQ %RGHQUDGDU 5,6 0) +L

0K] SQWHQQH

5.2.2.1.1 Elektrische Widerstandskartierung

=XU $QZHQGXQJ NDP HLQH 7ZLQ 3UREH .RQ:;JXUDWLRQ
YRQ P ]JZLVFKHQ GHQ EHLGHQ PRELOHQ (OHNWURGH
ODJ EHL P 'LH HOHNWULVFKH :LGHUVWDQGVNDUWLHU
GDV +DXSWJHEIXGH (LQ EHUHLWYV DXV /XIWELOGHUQ E
(FauL VRZLH HLQH ZHLWHU Q|UGOLFK JHOHJHQH 7 I|U
PLW KRKHP HOHNWULVFKHP :LGHUVWDQG $EE P
GHQ /XIWELOGHUQ EHNDQQWHQ ODXHUJ]*JH GHV :HVW X
JDU QLFKW RGHU QXU WHLOZHLVH HUIDVVW 9RP 2VWA=]
VRZLH HLQH AIFKHQKDIWH $QRPDOLH GLH YHUPXWOL!
+\SRNDXVW VWHKW VLFKWEDU 'HU *UXQGULVV GHV :HV
‘LGHUVWDQGVNDUWLHUXQJ *EHUKDXSW QLFKW DEJHELO
3URVSHNWLRQVHUJHEQLY GHV [VWOLFKHQ 1HEHQJHEIXG
OHWKRGH DEJHELOGHW ZHUGHQ NRQQWH 'LH (UJHEQLYV
YRQ 6WUHLIHQ GLH PLW GHU 5LFKWXQJ GHU ODQGZLUW

64



.DSLWHO J)DOOEHL

Abbildung 5-14: (UJHEQLY GHU HOHNWULVFKHQ :LGHUVWDQGVNDUWLHUXQ
Kiesow $UFKDHRAXJ

5.2.2.1.2 Magnetometer

%HL GHU 3URVSHNWLRQ PLW GHP &DHVLXP ODJQHWR
(LQVDW] GLH LQ HLQHP $EVWDQG YRQ MHZHLOV P
EHIHVWLJW ZXUGHQ 'LH $XA|VXQJ LQ /DXIULFKWXQJ ¢
KRKHQ OHVVZHUWH LQ Q7 ZHUGHQ LP OHVVELOG GXUF
GXUFK GXQNOH )DUEHQ GDUJHVWHOOW 'LH 3URVSHN\
ZLH GLH 3URVSHNWLRQ PLW GHU HOHNWULVFKHQ :LG
JUR%AIFKLIHQ B6WUXNWXUHQ GHV +DXSWJHEIXGHYV

]ZHL YHUPXWHWH +\SRNDXVWDQODJHQ LP :HVW XQG

GHU 7 I|/UPLJHQ $QRPDOLH LP Q|UGOLFKHQ %HUHLFK Y
ODXHUJ]*JH YRQ :HVW XQG 2VWA+JHO KLQJHJHQ N|QQH
'D GLH +RIPDXHU XQG GLH EHLGHQ DQ VLH DQJHEDX!
QHJDWLYH $QRPDOLH LP OHVVELOG KHUYRUUXIHQ EHV
QLHGULJHUH PDJQHWLVFKH 6XV]HSWLELOLWIW DOV GD\
DXV]XJHKHQ GDVV GDV +DXSWJHEIXGH PLW GHP JOH
XQG GDV QHJIJDWLYH 3URVSHNWLRQVHUJHEQLV LQ GL}
GXUFK GDV ODWHULDO VRQGHUQ GXUFK GHQ (UKDOWX
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Abbildung 5-15: (UJHEQLY GHU ODJQHWRPHWHU 3URVSHNWLRQ XQG /DJH Gt
OHVVZHUWH JZLVFKHQ Q7 ZHL% X@ &esow QsU PKAXEZPAJ /XIWELOG

5.2.2.1.3 Elektrische Widerstandstomographie

'LH YHUWLNDOH 9HUWHLOXQJ GHV ! LQ GHQ (57 3UR¢OHQ
*EHU GLH LQ GHU )OIFKHQNDUWLHUXQJ HUNDQQWH +HWF
$EE 'LH OHVVXQJHQ ZXUGHQ PLW GHU 6FKOXPEHL
(OHNWURGHQDEVWDQG YRQ P (57 3UR.,OH 2+ XQG 2+

GXUFKJHI*KUW ,Q (57 3UR¢O (57 2+ VLQG GLH 7 I|[UPLJH
‘DVVHUEHFNHQ DOV $QRPDOLHQ PLW KRKHP ! HUNHQQED
‘LGHUVWIQGH YRQ <EHU P GHXWHQ DXI PDVVLYH 6WU
HOHNWULVFKHU /HLWIIKLIJNHLW KLQ :HLWHUH $QRPDOLH
BWUXNWXUHQ LQ 9HUELQGXQJ JHEUDFKW ZHUGHQ MHG
7LHIH YRQ FD P ZHLWHVWJHKHQG KRPRJHQ ]X VHLQ
VLFK LQ (57 3UR:,O 2+ PDFKHQ GHU REHUAIFKHQQDKH

KRPRJHQ PLW :HUWHQ XP P $Q HLQLJHQ 6WHOOHQ LV
MHGRFK LVW GHU .RQWUDVW ]XP XPOLHJHQGHQ ODWHUL
NRUUHOLHUW GLHVHU 6DFKYHUKDOW PLW GHQ QHJDWLY
‘LGHUVWDQGVNDUWLHUXQJ LQ GLHVHP %HUHLFK
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Abbildung 5-16: ,QYHUVLRQHUJHEQLVVH GHU (57 3UR¢{OH EHL 2IITHQKHLP

'HU ZHLWHUH ,QIRUPDWLRQVJHKDOW GHV 3UR: OV EHV
.DUWLHUXQJ EHNDQQWHQ hEHUJDQJ YRQ /|VV LQ GHQ K
7HLOZHLVH sEHUODJHUW GHU /|VV GHQ 6FKOHLFKVDQG

8P GHQ .RQWUDVW LP REHUAIFKHQQDKHQ %HUHLFK GHV
'DUVWHOOXQJ GHU ,QYHUVLRQVHUJHEQLVVH GHV (57 3UT
JHZIKOW 'LH ]XYRU QXU XQGHXWOLFK VLFKWEDUHQ $0Q
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EHVVHU KHUYRU XQG HUODXEHQ LP %HUHLFK ]JZLVFKHQ
GLH VLFKHUH ,QWHUSUHWDWLRQ HLQHU ODXHUVWUXNW X
MHGRFK HLQH 9LHO]DKO ZHLWHUHU ODXHUVWUXNWXUH
YRUJHVWHOOWHQ 3URVSHNWLRQVPHWKRGHQ HLQGHXWL
DQJHVSURFKHQHQ ODXHUVWUXNWXU LQ (57 3UR¢O 2+ V
$QRPDOLHQ PLW HLQHP ! YRQ FD P HUNHQQEDU ¢
ODXHUVWUXNWXUHQ DXV GHP /XIWELOG sEHUHLQVWLPP}
XP GLH hEHUUHVWH YRQ ODXHUVWUXNWXUHQ GLH GXU!
XQG (URVLRQ EHUHLWV VR VWDUN JHUVW|UW ZXUGHQ
QRFK HLQHQ JHULQJHQ .RQWUDVW ]XP XPOLHJHQGHQ %F

‘LH EHUHLWV EHL GHU 3URVSHNWLRQ GHV V+G|VWOLFKF
‘LGHUVWDQGVNDUWLHUXQJ JHLJW DXFK GDV (57 3UR¢O
$QRPDOLHQ GHU $X%HQPDXHUQ XQG LQWHUQHQ 6WUXN
ODXHUQ YHUXUVDFKWHQ $QRPDOLHQ ZHLVHQ :HUWH YRQ
$QRPDOLHQ VRZLH GHU KRKH ! ODVVHQ DX| HLQHQ UHOD
'LH ODXHUQ VFKHLQHQ ELV LQ HLQH 7LHIH YRQ FD OH\
OLHJW FD ELV P XQWHU GHU (UGREHUAIFKH

5.2.2.2 Analyse

'LH (UNXQGXQJ GHU 3URVSHNWLRQVAIFKH PLWWHOV %
GHV 8QWHUVXFKXQJVJHELHWHVY LQ (URVLRQV XQG $N
‘IKUHQG GLH %RGHQSUR¢OH LP .XOPLQDWLRQVEHUHLFK
3AXJKRUL]RQW $S DXIZHLVHQ GHU DE HLQHU 7LHIH YRC
*EHUJHKW N|QQHQ DP +DQJIX% %RGHQSUR¢OH PLW ADTF
ZHUGHQ GLH *EHU HLQHP .ROOXYLXP % RGHU HLQHU €
VLQG 'DV ]ZHLWH 7UDQVHNW % ELV % EHVWIWLIW ¢
%RGHQSUR:,OH LP .RQWH[W GHU (UJHEQLVVH GHU JHRSK
HLQLJH .RUUHODWLRQHQ HUNHQQHQ ,P .XOPLQDWLRQ!
HLQHU $EWUDJXQJ GHV *EHU GHQ DUFKIRORJLVFKHQ 6W
JHI*KUW 'HPHQWVSUHFKHQG OLHJHQ GLH DUFKIRORJL\
QIKHU DQ GHU (UGREHUAIFKH ZDV HLQH =HUVW]|UXQJ G
EHJeQVWLIJW $XVJHQRPPHQ KLHUYRQ VLQG WLHIHUOLHJ
XQG GLH +\SRNDXVWDQODJHQ GLH QLFKW YRP 3AXJ HU
LKUH PDVVLYH %DXZHLVH ZLGHUVWDQGVIIKLJHU VLQG
ODWHULDO ]XVIW]OLFK VSLHOW GHU KHXWH NDQDOLVLH
NJQQHQ GXUFK GHQ %DFK +RFKAXWVHGLPHQWH HQWVWLE
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GHU DOV .ROOXYLXP 0 LGHQWL¢{]JLHUWHQ 6FKLFKW LQ
sich dadurch fir den Erhaltungszustand der arch&ologischen Strukturen am Hangful3

J QVWLIJHUH % HGLQJXQJHQ ZDV YHUPXWOLFK DXFK GHU
JHRSK\WVLNDOLVFKHQ $QRPDOLHQ GHV V*G|VWOLFKHQ 1H

Abbildung 5-17: 6 FKHPDWLVFKH 'DUVWHOOXQJ GHU %RGHQSUR¢{OH EHL
$EELOGXQJ

,Q ZHOFKHU )RUP GLH JHRORJLVFKHQ hEHUJIQJH ]ZLV
$XHQVHGLPHQWHQ HLQH 5ROOH I+U GLH 4XDOLWIW GHU
ZHLWHVWJHKHQG XQNODU 'HU hEHUJDQJ YRQ /|VV ]X 6l
3UR¢O 2+ PLW HLQHU OLQHDUHQ )DUEVNDOD VLFKWEI
*HRORJLH LP 9HUJOHLFK ]XP (UKDOWXQJV]XVWDQG GHU
XQWHUJHRUGQHWH 5RO0H 'LH $XHQVHGLPHQWH E]Z

]XGHP GLH (UJHEQLVVH GHU ODJQHWRPHWHU 3URVSHN
3URVSHNWLRQVAIFKH VLQG AIFKHQKDIW K|KHUH OHVVH!L
HLQHQ PLW GHU $NNXPXODWLRQ YRQ WRQUHLFKHP XQG
]XVDPPHQ GLH HLQH K|KHUH PDJQHWLVFKH 6XV]HSWLE
YHUPXWOLFK DXFK 6LHGOXQJVPDWHULDO YRP %HUHLFK
YHUODJHUW ZDV GLH PDJQHWLVFKH 6XV]HSWLELOLWIW
VeGZHVWOLFKH 1HEHQJHEIXGH EH;QGHW VLFK JHQDX LQ
KIKHUHQ PDJQHWLVFKHQ 6XV]HSWLELOLWIW XQG ZLUG Z}
3URVSHNWLRQ DEJHELOGHW ,Q GLHVHP )DOO OLHJW YH
GHU DUFKIRORJLVFKHQ BWUXNWXU OLHJHQGH 6FKLFKW )
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5.2.2.3 Elektrisches Widerstandsmodell fir Offenheim

'‘DV HOHNWULVFKH :LGHUVWDQGVPRGHOO I+U 2IIHQKHLTF
LQ .DSLWHO EHVFKULHEHQHQ ORGHOO I+U ODXFKH
XP GLH WURW] SRVLWLYHU /XIWELOGEHIXQGH QHJIDW
HOHNWULVFKHQ :LGHUVWDQGVNDUWLHUXQJ LP %HUHLF
]X XQWHUVXFKHQ $OV +LQWHUJWYR®@G ZL ®HYUNWIHRG H WL
| GHU ODXHUVWUXNWXU ZXUGH VXN]JHVVLYH YRQ F
+LQWHUJUXQGZLGHUVWDQG YRQ PLVW DQ GLH LP (5
%HUHLFK GHV +DXSWJHEIXGHYV JHPHVVHQHQ :HUWH DQ.

Abbildung 5-18: (UJHEQLVVH GHU PRGL¢]JLHUWHQ 3RO 3RO .RQ¢JXUDWLRC
ODXHUVWUXNWXU

,Q $SEELOGXQJ LVW GDV (UJHEQLV HLQHU HOHNW
HLQHU 3RO 3RO (OHNWURGHQNRQILIJXUDWLRQ HQWOD
GDUJHVWHOOW 'HU .RQWUDVW QLPPW Z| Her]X HUZI
ODXHUVWUXNWXU DE YRRV EB]JZHLQHP QXU QRFK HLQH
YRQ P EHL HLQHU HOHNWULVFKHQ :LGHUVWDQ
(OHNWURGHQDQRUGQXQJ KHUYRUUXIW S$EE 'D
XP HLQHQ ,GHDOIDOO RKQH )HKOPHVVXQJHQ XQG +L
GLH ODXHUVWUXNWXU WKHRUHWLVFK QRFK DOV $QRF
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EHU<FNVLFKWLJW GDVV EHL OHVVXQJHQ LP *HOIQGH
(OHNWURGHQNRQWDNW ]X $EZHLFKXQJHQ EHL GHQ 0

8P GDV $XVPD% GHV +LQWHUJUXQGUDXVFKHQV LP *HOI
OHVVSXQNWH LP 8PIHOG GHU DUFKIRORJLVFKHQ )XQGVW
JHULQJI+JLJHQ 6W|UXQJ GXUFK DUFKIRORJLVFKH 6WUXN
$Q EHLGHQ OHVVSXQNWHQ ZXUGHQ MHZHLOV ]ZHL BHUL
3UREH $UUD\ GXUFKJHI*KUW ZREHL MHGH 6HULH OH\
BHULH ZXUGHQ GLH OHVVXQJHQ DQ GHU JOHLFKHQ 6WHO
(OHNWURGHQ ZLHGHUKROW ZIKUHQG EHL GHU ]JZHLWHQ
EHL MHGHU OHVVXQJ XP GHQ OHVVSXQNW XP ZHQLJH *U
HUJDE VLFK leU GLH ZLHGHUKROWHQ OHVVXQJHQ HLQ
BWDQGDUGDEZHLFKXQJ YRQ ZIKUHQG EHL GHU URWL
OLWWHOZHUW YRQ P PLW HLQHU 6WDQGDUGDEZHLF
GHQ OHVVSXQNW ODJ GHU OLWWHOZHUW EHL GHU ZLH
HLQHU 6WDQGDUGDEZHLFKXQJ YRQ XQG EHL GHU UF
HLQHU 6WDQGDUGDEZHLFKXQJ YRQ $EE IKUHQ
ZHLWHVWJHKHQG NRQVLVWHQW VLQG OLHJHQ GLH $E
%HUHLFK GHU HLQH GXUFK DUFKIRORJLVFKH 6WUXNWXU
'DUDXV HUJLEW VLFK DEHU DXFK GDVV GDV +LQWHUJU
)XQGVWHOOH QLFKW XQEHGLQJW KRPRJHQ VHLQ PXVV
PLW ODXHUVWUXNWXUHQ QHKPHQ VLFKHUOLFK HLQH E
BWUXNWXUHQ GHU BWHLQJHKDOW LP %RGHQ KIX¢Jd HUK]I
(OHNWURGHQNRQWDNW GHU VLFK LQ HLQHP VWIUNHUHC

Abbildung 5-19: (OHNWULVFKH :LGHUVWDQGVPHVVXQJHQ XU %HVWLPPX
2ITHQKHLP
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8P GLH $XVZLUNXQJHQ GLHVHV +LQWHUJUXQGUDXVF
21 lHQKHLP QLHGULJHU .RQWUDVW ]JZLVFKHQ ODXHU
XQWHUVXFKHQ ZXUGH GDV ]X $QIDQJ GHV .DSLWHO\
PLW HLQHP +LQWHUJUXQGUDXVFKHQ YRQ HUZHLW
OHVVHUJHEQLVVH HLQHU 3RO 3RO (OHNWURGHQNRQI
‘HUWHQ GHU ODXHUVWUXNWXG&H&DUDXNWMNEQW %P IN Bl
YHUXUVDFKWH $QRPDOLH QRFK DQJHVSURFKHQ ZHUG
YRQ E]z P GLH GXUFK GLH ODXHUVWUXNWXU YH
YRQ GHQ XPOLHJHQGHQ OHVVZHUWHQ XQWHUVFKLHGF

Abbildung 5-20: (LQAXVV GHV +LQWHUJUXQGUDXVFKHQV DXI OHVVXQJHQ
YHUVFKLHGHQWHQ! GHU ODXHUVWUXNWXU

5.2.3 Zusammenfassung

'LH $QDO\WVH GHU JHRSK\VLNDOLVFKHQ 3URVSHNWLRQV
21 THQKHLP LP .RQWH[W PLW GHQ ERGHQNXQGOLFKHQ JH
*HIHEHQKHLWHQ ]JHLJW GLH 3UREOHPH EHL GHU $QZz
SURVSHNWLRQVPHWKRGHQ
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