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The Effect of Pressure on the Electrical Conductivity of KTB Rocks
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Ifeithar the Archia sodel nor the UHF (Dubs'

Shanll:lend) -.odal elone c",n explain the ~arved

lIiqh COnductivities in the KT8 rocka. calcula­

tions based. On the Archie .adel result in lIiq­

h.r resistivities than _asured (ce_ntaUon

exponent _~. a.5 rasp.). vtlUe the U8.P 91vas

too low values. B\lt the .-wit ot llsanite 1n

the KTB CO~ is -ora than sutficient to pr0­

duce tlIoa obhtrvad lIi911 condlJcUvity it inter­
connac:tsd _
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2. E~perfment.' and R~su1ts

11 repr-.nutiva ..-pl•• (22 pi...... : di...-te..
)0 _. 20 _ bl9h) _ ......lect.ed for tbi. stu­

dy. ftey include:

- the thr__ in lltJ>oloqlcal unit..

- foliation ranqinq frc. horhontal to verUcal
- or. contant f~ 0 to 'U

.J _ Introdvc:t; ion

Thls proj.ct. _..-arh•• litholoqlcal rock para­
_tars lIke percatty, p".....bliity. density.
rock fabric analyais, inne.. surface ar•• and
pre.sllT. dependant coaple. elect.r1cal rea btl­
vity. An Wlusual pre.au..a effect ••• detected.
Thb obH'rvaUon .Ul be dheua.elI in .ore da­
taU becauce of ita principle inter.at tor
highlY conducting zones 1n the ••rtil crust.

3. Porosity and
Permeabf7fty

Poro_iU•• :

- 0.4 to 2.0 vol •• 6. Conc7usion
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Ttl. frequency dependence of the co.pl." resi­

.tivity was interpreted using .edified Cole­

Cole -adels.

- '"'" cx.plex response of the ...pl" is oon­
trolled by polsri:lations tlast ere duao to fluid

sol id interactions .

- "'" un...... l pres.ure eftect ean be considered

using an .dditioncal sod"l par...ter tbst lSas­

cribH th.e prasanc:e of lIiqbly conducting and

interconnected phe... in rock aa.,lles. It Is

bllsed on a reconnaction of ore .i_rals.

- T!la ti_ davalos-ant oC the voll1llS resit1vity

indicates th.t electrolytic conduction d_i"",­

t •• in _t ot the IC1'B rock s.apl.s.

SIf9f~nd S. Vollbr~cht A. (1l1upu T, Mower '. QUrrut

II. llliller J. vetltr K (19931 hbric controlled uhotropy

of petropllysicil propertiu obserwed in U8 cOre SillPlu.
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Tha ~unu.usl~ pr"ssura attect waa _seured on

80_ ae.plaa anod ta charactarized by a nol'Sl

prassura "apendence in the low pressura re<Jion

and a ravarsed atfect at high pressure•.

S. Frequency dependent

comple~ resistivity

The Crequel'>Cy disperston we. _a.urad et diC­

Carant level. In pressura in t.IWo freque.ncy ran­

ga I kHZ up to I IOIz. Data are given aa Cole­

Cola diaqr-.-: the raal part oC tbe r ..istivity

is plotted versus the iaaqinary PlIrt. 'ftl.a Fiqu­

re aboools data _asured at a p~aure ot 200
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4. Comple~ electrical

resistivity as a ~unction

o~ pressure

Po>';8 ....411 dhtrlbution:

- ..111_ in the range or 20-50 jIa.

The pe....abllity .... _ ••u.red in an autoclave

uainq • pre.aure trandllnt _thod and Arqon gas
aa the flow ....hlll. H~tlItic preaaurea
("-nUe) _re increased up to 2.0 lIPa.
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~ autociave used ali_ an il'>Cr.... of tIM!

hydrostatic fluid pr..sure up to 250 ,",a. ,",e

sa.pl. OM....acuatsd and back-saturated ..ith a

I _lar lfaCI solution (7 .• 5t-J to recNce the

contribution ot surface conductivity that "aa

detanlln«t to be in the ranqa of about 5 " 10-5
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The Effect of Pressure on  the  Electrical Conductivity of KTB Rocks

Heikamp, S., Kontny, A., Nover, G., Rauen, A., Will, G.

1 -  I n t r o d u c t i o n

This project summarizes lithological rock para-
meters like porosity, permeability, density,
rock fabric analysis, inner surface area and
pressure dependent coaplex electrical resisti-
vity. An unusual pressure effect was detected.
This observation will be discussed in sore de-
tail because of its principle interest for
highly conducting zones in the earth crust.

A "normal" pressure dependence of the vol use

resistivity was detected in most of the

samples. The normalized vol use resistivity in-

creases as a function of pressure.

Neither the Archie model nor the UBF (Dubai

Shankland) model alone can explain the observed

high conductivities in the KTB rocks. Calcula-

tions based on the Archie model result in hig-

her resistivities than measured (cementation

exponent m-2, 2.5 resp.), while the UBF gives

too low values. But the amount of ilmenite in

the KTB cores is more than sufficient to pro-

duce the observed high conductivity if inter-

connected.
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2 .  Experimental and R e s u l t s

11 representative saaples (22 plugs; diameter
30 am, 20 am high) were selected for this stu-
dy. They include:

- the three main lithological units
- foliation ranging from horizontal to vertical
- ore content from 0 to 7%

1 -----' -----1------’------T------1------1
0 12  3

porosity

<5 .  C o n c l u s i o n
Porosities:
- 0.4 to 2.0 vol ».

The "unusual* pressure effect was Measured on

soie samples and is characterized by a normal

pressure dependence in the low pressure region

and a reversed effect at high pressures.

Pore radii distribution:
- maximum in the range of 20-50 jxa. The frequency dependence of the coaplex resi-

stivity was interpreted using aodified Cole-

Cole models.

These aodels exhibits the general features:

- The complex response of the sample is con-

trolled by polarizations that are due to fluid

solid interactions.

- The unusual pressure effect can be considered

using an additional node! parameter that des-

cribes the presence of highly conducting and

interconnected phases in rock samples. It Is

based on a reconnection of ore minerals.

- The tiae development of the voluae resitivity

indicates that electrolytic conduction donina-

tes in most of the KTB rock saaples.

The permeability was measured in an autoclave
using a pressure transient method and Argon gas
as the flow medium. Hydrostatic pressures
(Paantle) were increased up to 240 MPa.
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5 .  Frequency dependent

complex r e s i s t i v i t y
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d .  Complex e l e c t r i c a l

r e s i s t i v i t y  a s  a function

o f  p r e s s u r e

The autoclave used allowed an increase of the

hydrostatic fluid pressure up to 250 KPa. The

sample was evacuated and back-saturated with a

1 molar NaCl solution (7.8 S/m) to reduce the

contribution of surface conductivity that was

determined to be in the range of about 5 x 10-5

S/m.

The frequency dispersion was measured at dif-

ferent levels in pressure in the frequency ran-

ge 1 kHz up to 1 MHz. Data are given as Cole-

Cole diagrams: the real part of the resistivity

is plotted versus the isaginary part. The Figu-

re shows data aeasured at a pressure of 200

MPa.
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