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Forward Modelling of KTB Gravity Data

Sunwrery and FlAUN p6ans
The P!'esent outcomes 01 the lorwa'd mooellf19 )'Ielded
geologlClgeollCloolC onlefpretab!e resu~s D,screpanc"s
belween Ihe borehole and the surface model w,n be
elrnmated The 3D model wrlf be conlll'lOl.lSIy rnproved
conslder""'ll tvnher geopt1ysoeal and geologocal resull:s
Coneemono the 0I!epe, pan 01 the model and !he !keel
borehole lfIOt'I<fy 1l'Ie mportance oltne plolongatKlfl 0I1he
OofeOole gravity log was demonstllted above
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Compa'rson ollhe measured and the modeled Bouguer
anomalies (lett) and apparent OenSlly logs (,oght)

Ftg 4 20 model Ollhe dneer borehole 1fIC...~y The sediments
., lhe SW the lEV. onStSlong 01 gneISseS and meta
basttes and the Ofanile In the NE can be dist"'9'lshed
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FIg 6 Celltral plane iIICfOSS the drril.ng locatl()ll ot tne 3D
fMdel In adOitl()ll to the struetUllt unrt, 01 Ihi 20
model. the "Erbendorfbcxly" IS eonsadefed
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The mesozoIC sedlmenlS SW 01 the lEV all" Characterised by
..!he.- conS1ant graVlly values

AJIpIicaIion 01 PotenCial Melhods
The ser;:ond venICal delJyat·ve map of the su,face graY'lly clata
(F'9 3) correlates very wei WItt! the outcloppong geology W,thin
the ZEV Ihe ampM>ohte zones can be clearly dlSt'l'Igulshed trom
Ihe adlOlf1Ing gneIsses Moreover the run 01 the FrancOOlan
lineament (Fl) 's dastlflctly marked by !hE' nalJOW mlnma zone
lI.nrnng from NW to SE BeSIdes Ihiltlhe map corresponds wei
WIlh \he anomaly map galOl<l from aeromagnetIC meas.urements
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Fig 3 Map of the second venlCal dellYll1lve of Ihe

surface graYlty dala
Inversion
The present prelomrnary 20 model ollhe dlred boi'eMIe
V>ClfI~y (Fog 4) follws on ~s generat buill-up the geoklgIc
moclel of HIrschmann (1994) It conSIders the d.6ng
,esuns concemong foci< deos~"s al'l(\ hltlologlCllt
successIon as well as the elements SEl aod SE2
determlfllld from lhe ISO 69 data The ht between the
measured Bouguer anomalies al'ld apPllll!f\t dens~y log
and the calculated ones IS Ylfy good (FIg 5)
The 3D moOeI WIll be developed lor the .0 x 40 km 1a'gE!
,rea marilee by \tie frame In FI(I 1. h 1$ devded .,10 39
YiIflICllI planes W1\t111 spacrng of I km on the centfl and 2
km In the periphery The planes are orrflnled venlCallo che
general slJlke of lhe ZEV The centrat plane of the present
model across the drriling locallOfl is shown In Fig 5 The
main strUCfu,al unllS .,elhe Falkenberg g<an~e on the NE.
tile lEV In the modclle and \tie sedmenl$ beyond the FL
In addillon the "Elbet odoI1body" IS eons~ed The fil
between measu,ed und calculated Bouguer anomaires IS

YlIf'y good whlfeby " IS nvcessary to SU9QIst an
Illtended body of higher den$lly below Ihe sedll'11el'lts
Unlil now there a'e some d,screplll'lcies betweBflthe two
models. eg. tM aMocatron of the amphoboli1e bodies 11 the
OHecl borehole w:on"y and the fin ol the eastlfn gran~e ~-

malgon. These cisctepat"Ctes are probaDly caused by lhe "I'
20 chalacrer oflhe bo,ehole VIC>floty model

Model calculatIOnS were canoe<! out to eyalu4lte lIle elled of a
less denser calaclastic zooe hom 6200 m • 6400 m 11 ttle ma", I
hole, cOfJespondlng to the SEl on the Bouguer 8I'Iomalies and _.
appar&nt densrty log down to a depth of 9000 m Moreover the E
elleet of the possible reverse lauM""'lI WlIh 11 ItllOWol abou12 km .Ii-

Oof r...""·mE,'below..._-__'_-_M_'_""_""_-__"'_.""__~_ol_.._-_,__"Nl.,E'. . .L""'""""............J
cal<:lbted (Frg. 7l- These model cakula1lO1"lS show Ihilt"~
be possible to ~rate these SUI.IC\UIeS ., a boi'ehoIe gravrty
plofrle cooc:hicted from the presenl 6000 m to \tie final ~h

W

r
~ "\ tl\eClinmGll _ddler~in~'

; \ FIQ 7 Model caJculalo:;lnS of the etflCl of the SE I lau.
zone Irom 6200 106400 m (density contrast

:., -0 2 ~cm'l and the leverse laull""'ll of the
'Erbendol!body" wrth a Ihrow of about 2 km

measu'l(\-., ~ (d&nsrty contrasl +0.2 glcm') on the Bouguer
anomalies (Jell) alld the apParent denSity log ot
the ma", hole down 10 a depth 01 9000 m
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FIg. 2 MI,p 01 the Bouguer anomalies of the KTB alea The on
Hrted lines marll the area of the model respectlVety the
onen1ltO"lof the model planes presented below

U Casten. I Heyde Ruh. Un,vl!fSlliil Bochum
H • J Goetze FU Be,.,
H C SotIeI. Unl\'ef$llal MUI'lCI'lerl
F M Neubauer. U'UYe1Sl1lt KOIn

A.kl Data • Borehole
Borehole gravtly measurementS we,e carrie<! out as well 1Il the
pilot ho~ to the t..,al depth of 4000 m (102 stall(l(1s) as 1'1 the
rna... hole from 650 m 10 6000 m depth (109 SlatiO<ls) The
spaong came up 10 10 to 50 m
The les.ullng 80ugyer anont.loes and the lIpParent dens~y log WI
compansotl Wlltl ltw Cutllll9 den5lfy log are presented In F'O 1
The good correlation Wllh the hthology thai IS the alten'l.lIng
layering or gnlllsses and amphibohtes. can be seen The 552
conllnousty decrening grav'ly below a depth 01 3500 m (see a;
Fig laj suggests lhall/w:! amphibol'le1mela!lasIUt round do.,." .~_
I,om a dlJopth 01 2650 m belongs to a musrve body whdllS flOC ~

drilled th,ough iIS Ilu as !he proMe end. The dt$tneI lower
appa.enl density (up to 0 15 ",em"! III lhe same depth range 551
(FI(I lb) indICates that tne boi'ehole 1$ located atltle marg" of
thIS massive body The cornpallson wottl the surlace graVIty
shows thaI lh,s body dipS steeply towards NE

,,-
The aim of the pro,e<:II$ the development 01 a structural model
of the KTB region covt'fmg the el1enc!ed area of the ISO 89
experiment. FOf thai PU<P05e lfllegraled II"ltormahoo os uU'd
Ofltvty" (bofllhOle .nd S4.1r1a~) I SE"smoc magne"c / geology
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Fig 1 (a) Bougue. anomilllies of tne ma., hole togethe, W11l1 a
sln'Iphlied ~thologlCal profile Darll Mchons marlt.
metebas<tes: blight areas gneisses.

(b) Companson of the apparent deslly log al'ld the
Cl.IIIJng$ dens~y log of the main hole

RH:l Datil - Surtao.
The NUB. the UruvilfSlty Boctoum. the Ur'lNerslty MI.II'ldlen 11'1(\
the Univers,cy eer.... conducted a SUrlillC8 grillyrty survey to
Irn::rease the stat;on densny Now the graYlly yalues of 1800
statOns in an about 60 x 60 km large area 11'1 lit haM The
aVlrage spac'"O IS about 500 m ., the inner arll aod aboul
2000 m In the Ollie. area. FlQUre 2 shows the Bouguer map
'oIlIfIrCh ,eflecls -a the rna.,~l UfllIS. The outstandlllg
featules afl~ two coonecled mauna in the cen(rl caused by the
dense rocks of Ine ZEV_ThilKlended mlnrnum of Tilschefl,euttl
east of the maXIma cOllesporlds to the less dense granrt'C 'lfeas.

B 53

Forward Modelling of KTB Gravity Data

The mesozoic sediments SW of lhe ZEV are characterised by
rather constant gravity values

Application of Potential Methods
The second vertical derivative map of the surface gravity data
(Fig 3) correlates very well with the outcropping geology Within
lhe ZEV lhe amphibolite zones can be clearly distinguished from
lhe adjoining gneisses Moreover the run ol the Franconian
lineament (FL) is distinctly marked by the narrow minima zone
running from NW  to SE  Besides that the map corresponds well
with me  anomaly map  gamed from aeromagneic measurements

U Casten, I Heyde Ruhr Universität Bochum
H J Goelze FU  Bertn
H C Sotfei. Universität München
F M Neubauer. Universität Köln

Introduction
The aim of the project is the development of a structural model
of the KTB region covering the extended area o l  lhe ISO 89
experiment For that purpose integrated information is used
gravity borehole and surface) / se*smc / magnetic geotogy

Field Data - Borehole
Borehole gravity measurements were carried out as well in the
pilot hole to the linal depth ol 4000 m (102 stations) as in the
mam hole from 650 m to  6000 m depth (109 stations) The
spacing came up  to 10 to 50  m
The resulting Bougger anomales and the apparent density tog m
comparison with rhe cutting density tog are presented m Fig i
The good correlation with the lithology that rs the alternating
layering of gneisses and amphibolites, can be seen The
continously decreasing gravity below a depth of 3500 m (see
Fig. l a )  suggests that the amphibolite/metabasite found down
from a depth of 2650 m belongs to a massive body which ts not
drilled through as far as the profile end The distinct tower
apparent density (up Io 0 15 g/cn?) m the same depth range
(Fig 1b) indicates that the borehole is located at the margin of
this massive body, The comparison with the surface gravity
shows that Ihis body dips steeply towards NE

Fig 4 2D model of the direct borehole vicinity The sediments
in the SW the ZEV. onsistmg of gneisses and meta-
basrtes and rhe grande in the NE  can be  distinguished
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Fig 3 Map of the second vertical derivative of the
surface gravity data

Inversion
The present preliminary 2D  model of the direct borehole
vicmrty {F»g 4) follws m its general built up the geologic
model of Hirschmann (1994) It considers the dnllmg
results concerning cock densities and lithological
succession as well as the elements SEI  and SE2
determined from the ISO 89 data. The lit between the
measured Bouguer anomalies and apparent density log
and the calculated ones is very good (Fig 5}
The 3D  model will be developed for the 40 x 40  km large
area marked by the frame m Fig 1 It is devtoed mto 39
vertical planes with a spacing ol ! km  m the centre and 2
km  m the periphery The planes are oriented vertical to  the
general strike of the ZEV The central plane of the present
model across the drilling location is shown in Fig 5 The
mam structural units are the Falkenberg granite m the NE
the ZEV m the middle and the sediments beyond the FL
tn addition me  'Erbendorfbody' is considered The frt
between measured und calculated Bouguer anomalies is
very good, whereby it is necessary to suggest an
extended body of higher density below lhe sediments.
Until now there are some discrepancies between the two
models, eg  lhe allocation of lhe amphibolite bodies in the
direct borehole vic/uty and lhe rin  of  the eastern granite
margm These discrepancies are probably caused by  the
2D  character of the borehole vicinity model

Model calculations were earned out to evaluate the effect of a
less denser cataciaslic zone from 6200 m - 6400 m in the main
hole, corresponding to the SE1 on the Bouguer anomalies and
apparent density log down to a depth ot 9000 m Moreover the
effect ot the possible reverse faulting with a throw of about 2 km
of the 'Erbendorfbody' on the borehole gravity profile was
calculated (Fig 7) These model calculations show that rt should
be possible to separate these structures m a borehole gravity
profile conducted from the present 6000 m to the final depth
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Fig 5 Comparison of the measured and the modeled Bouguer
anomalies (left) and  apparent density logs (right)
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Fig i (a) Bouguer anomalies of the main hole together with a
simplified lithological profile Dart seclions mart
metabasites; bright areas gneisses

(b) Comparison of the apparent desity log and lhe
cuttings density log of the main hole

Field Data - Surface
Pie NUB the University Bochum, the University München and
the University Berlin conducted a surface gravity survey to
increase the station density Now the gravity values of 1800
stations tn an about 60 * 60 km large area are at hand The
average spacing is about 500 m in the inner area and about
2000 m m the outer area Figure 2 shows the Bouguer map
which reflects well the mam geological units The outstanding
features are  two connected maxima m the centre caused by  the
dense rocks of the ZEV The extended minimum of Tirschenreuth
east of the maxima corresponds to the less dense granitic areas.

‘Emendorfbody'l

Ftg 7 Model calculations of the effect of the SEi  fault
zone from 6200 to 6400 m (density contrast
-0  2 g/cm3) and the reverse faulting of the

’Erbendorfbody' with a throw of about 2 km
(density contrast +0.2 g/cm’} on the Bouguer
anomalies (left) and the apparent density log of
the mam hole down to  a depth of 9000 m
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Summary and Future plans
The present outcomes of the forward modeling yielded
geoiogic/geotectomc interpretable results Discrepancies
beiween the borehole and the surface model will be
eliminated The 3D model will be continously improved
considering further geophysical and geological results
Concerning me deeper pan of the model and the direct
borehole wcmity the importance of the prolongation of the
borehole gravity tog was demonstrated above
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Fig 6 Ceniral plane across the dolling location of the 3D

model In addition to the structural units of the 2D
model the ’Erbendorfbody" is considered

Ag  2 Map of the Bouguer anomalies of the KTB area The in-
serted imes mart me  area of the model respectively the
orientation of the model planes presented below




