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Rock-destabilisation by saline Na-K-Ca-Mg-Cl solutions: Natural and
experimental corrosion at mineral surfaces of KTB-rocks
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Fig 1 & 2 Quartz from the KT8 depth 400 m
Fog 3 au.rtz!rom the KT8 depth 6669 73 m
Fill 4 Ouartz from the KT8 depd'I 7402 17 m
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Cpnclul,ons
A w,despread l'I,gll, ..lone solut,on Iyslem deve
loped ,n the variscan basement under the
POSlVllrtScian exlens,onal reg,me Ongmal Na-I(·
Mg·Ca·Cl·soluhons Irom Ihe sedImentary cover
descended gravrtat<onnalty down to deplhs 01
appro. 10 km IOniC exchange w'lh feldspars led to
,ncreas,ng Ca·Concenlratlon Mob,losalJon 10 laleral
and vertical dlrect,ons was caused by
selsmOleclon,c pump,ng [3]
On the,r m'gratlOn path CaC12 solul,ons cluse
corros,on.1 processes m the penetrated rock fabriC
The qual'1z dlSsotuhon rale In conlrasl to thai ,n
deiOnized water '5 ,"cre.led by Inleract,on
(.dsorpt,on) 0' caltons al the crySlat surlace of
quartz ThIS result ,n an mcreased accessltllhly of
Ihe 5,-0·5, boMs 14] CorrOded mll'leral surfaces
cal'l be Observed over Ihe el'lllre drlllmg prol,le
Corros,on ,"lel'ls'IY ,ncreases In zones 01 decreased
well staod"y Corros,ve p"llerns are mostly
developed 'II e-tens,on fractures al'ld gra,n
boundary ffaCtures
Tl'le COrrOSIVe effects of CaCI2·solut,0I'ls were
corroborated by laboratory e~peflmel'lts}

The 1I'11eraC\lOn of C"CI2 waler wllh,n the rock p"e
,n an extenSional reg,me produces zOl'les 01 secon·
dary porOSlly and perme<tb,loty It ,mproves pro·
gress,ve ,nl,ltrat<ol'l a"d desl.b,hsahol'l 01 the roc_
labllc
The penelral,ve occural'lce ot corros,onal features
'" Ihe deep droU'l'Ig ,nd'cales contmous aCI'v,ly of
flu'd now under non'eQu",Dflum cona,hons
O'sso'vea Quartz '5 D,ee'D'taled Ul'lder chll'lged
cOl'ld,t'ol'ls as 'Ie ns ana ~flSlaHrasen .....-'11'1 ,nc'us
ons 01 sa"ne w<tler [2] DesO,le the mlense
cathodolum,nescence conlraSI 0' quartz gra,nes
from calillelaSlS zones corroded ouarlz gra,nes dO
001 sllow ev,llence 01 tl20 d.tlus'On Oy SEM Cl
Th,s sugges:s Ihe corros 0" 10 Of! , very young
O"OCe55e lo'eS.,,,,,,,::, y l"'elac,ous'
'I s s"ggesll,'d ;I'oal I~e "'"e'''Cl,O'' 0' sa' ne CaC'2
walers w'I" ..... 'ne'<I' s"daces .s a o,o",ol."g lacto,
lar de5IaOI"""0., of t.,e .(" fl we"

The connect,o", between deep sahne walers and sur
face corrosion wn investigated In a series 01 prel,m,
nary experiments
A first test dealt With Ihe aggressiveness of saline
solutions with regards to d,fferent Iypes of 1<18 rock
Fragments of ImphltlOhte and gneISs were c1elned ,n
an ultrUOnic bath, dlled, weighed and added 10 0 1,
05, 1 0 and" 0 molale CaCI2. KCI, NaCI and MgCI2
solullons as well as ,n deion,zed waler during tl penod
of 50 dlys at a constant temperature of 110 'C
Independenl of the rock type the rate of decay,s re
markably h,gher 'n c.c12 and MgC!2 solutrons Il'Ia", In

NlICl and 1<0 solulIons, Ind of course In de,on,zed wa
ter (F,g 5)
Another experiment was carned out w,th pure bras,lIan
quartz Crystals were crushed and seaved 10 obtain
the 250,500 IJm tract,on The grams were added to a
CaC~ solutIon sealed m hydrotl'lermll bombs and
heated 10 2110'C Aller two weeks the quarlz grains
showed corroded surfaces ( I e Oriented v-shaped
etcl'l patterns development of sOlut,on crevasses per
pendu::ular to grain fracts) analogous to those of the
natur.1 material (Fig 6-11)

Introduction
Routine SEM Investigations Of KTB cuilings ,how in

tensIve surface corroSions of quartz Characteristic
features are

50lullon caVIties
• etching plls
• rough surf,ces
• preCipitatIOn of amorphous S,02 (Fig 1· -4)
Comp.reble corlOSlon "altern, are ,Iso common In

materl.1 from other s,les of the Europe,n blSemenl
(i e Black Fotesl. Harz, RheInisches Schlefergeblrgel
Surface corros,on IS ClIuSed by mesozoIC 10 recent sa
line solullons migrating through the rock p,le The
e)(istance of concentrated C,·Na-CI-waler With Ca
contents of up \0 15500 ppm, 111 has been proved at
numerous s.tes In the drIlling hore Much higher can
centrallOllS of Ca were found In flUid inclUSions (2]
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Introduction
Routine SEM investigations of KTB cuttings show in-
tensive surface corrosions of quartz Characteristic
features are
• solution cavities
• etching pits
• rough surfaces
• precipitation of amorphous S1O2 (Fig 1 - 4 )
Comparable corrosion patterns are also common in
material from other sites of the European basement
( i .e Black Forest Harz Rheinisches Schiefergebirge)
Surface corrosion is  caused by mesozotc to recent sa-
line solutions migrating through the rock pile The
existance of concentrated Ca-Na-CI-water with Ca
contents of up to 15500 ppm. J1J has been proved at
numerous sites in the drilling hole Much higher con-
centrations of Ca  were found in  f luid inclusions [2]

The connection between deep saltne waters and sur-
face corrosion was investigated in a senes of prelimi-
nary experiments
A first test dealt with the aggressiveness of saline
solutions with regards to different types of KTB rock
Fragments of amphibolite and gneiss were cleaned m
an ultrasonic bath, dried, weighed and added to 0 1.
0.5. 10  and 4 0 molale CaClg. KCI, NaCl and MgCl2
solutions as well as in deionized water during a period
of 50 days at a constant temperature of B0 ’C
Independent of the rock type the rate of decay is re-
markably higher in CaCtg and MgCl2 solutions than i n
NaCl and KO solutions and of course tn deionized wa-
ter (Fig 5)
Another experiment was carried out with pure brasilian
quartz Crystals were crushed and seaved to obtain
the 250-500 pm fraction The grams were added to a
CaCl£ solution sealed in hydrothermal bombs and
heated Io 280*C After two weeks the quartz grams
showed corroded surfaces ( 1 e oriented v-shaped
etch patterns, development of solution crevasses per-
pendicular to grain tracts) analogous to those of the
natural material (Fig 6-8)

Fig 1 & 2 Quartz from the KTB depth 400 m
Fig 3 Quartz from the KTB. depth 6669 73 m
Fig 4 Quartz from the KTB depth 7402 17 m
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Conclusions
• A widespread high-salme solution system deve-

loped in the vanscan basement under the
postvariscian extensional regime Original Na-K-
Mg-Ca-Ci-solulions from the sedimentary cover
descended gravitationnafiy down to depths of
approx tO km Ionic exchange with feldspars led to
increasing Ca-concentration Mobilisation to lateral
and vertical directions was caused by
seismotectomc pumping [3]

• On iheir migration path CaCI? solutions cause
corrosionat processes m the penetrated rock fabric
The quartz dissolution rate tn contras! to that m
deiomzed water is  increased by interaction
(adsorption) of canons at the crystal surface of
quartz This result in an increased accessibility of
the Si-O-Si bonds (4) Corroded mineral surfaces
can be observed over the entire drilling profile
Corrosion intensify increases m zones o l  decreased
weh stability Corrosive patterns are mostly
developed ar extension fractures and gram
boundary fractures
The corrosive effecls of CaClj-solutions were
corroborated by laboratory experiments)
The interaction of CaCIg waler wilhm the rock pile
m an extensional regime produces zones of secon-
dary porosity and permeability I I  improves pro-
gressive infiltration and destabilisation of the rock
fabric
The peneirahve occurance of corrosionai feaiures
m the deep drilling indicates conbnous activity of
fluid how under non-equihbrium conditions
Dissolved quart ;  is  crecipitated under cnangea
conditions as vems and kfrStaHrasen with inclusi-
ons o* sahne water [2) Despite the intense
cathodoluminescence contrast of quartz grames
from caiaclasis zones corroded quariz graines do
not show evidence o '  H jO  diffusion by SEM CL
T his suggests the corrosion fo oe a very young
P'ocesse ipres aoiy rretaciouS)
*1 i s  suggested tnai the interaction o* saime CaCt j
waters w in  »nmetai surfaces *s a pi-omotrng factor
for desiaci1 sauon c !  tne <’  H wei>

(ConcsrlreliOn Cl Mime MMicns O i 0 5, 1 C 4 C

References
(1) Pekdeger A Sommer-von jarmersted C &

Thomas L (1994) Scientific drilling (m press}
12] Behr H J Hom E E v d Kerkhof A M Reulel C

& Topp J (1993) KTB Report 93 2 451454
(31 Seh rH j  Gerier j Hem u & Reuiei C (1993)

Gottingen Arb Geo» Paiaont 50 3 28
(4| Dove P M & Crerar D A ( 19901 Geochim

Cosmochim Acta 54 9S5 969




