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Characteristics of fluid inclusions and their relationship with saline water and

Chr. Reutel, H.J. Behr, U. OBwald & EE. Hom, IGDL Gattingen

One of the major objectives of fuid inclusion (FI) investigations in the KTB
was 1o study the depth-cependent evolution of tiuid systems. Du# 10 the
steeply inclinaed siructure 8 is most unikely thal one can cbserve higher
matamorphic conditions preserved by FI in the criical mineral assem-
biages of gnaisses and matabasites increasing with depih. The only fuids
which reflect a depih depandent evolution are Ca-Na-Cl flukds formed after
titing the rock series lo a subverlical posfion during younger alieration
slages undar greenschist 1acies condtions

Review of PTI-dependant evolution of fiuld systems

in general three major systems can be distinguished:

m low saiine Fl occuring over the entire drilied depth range

m Qaseous Fl in the COx-CH4-Np system

m moderate o high saline Ca-Na-Ci Fi up to NaCl saturation [sometimes
containing addfionally KCI or MgC O as daughter mineral)

Especially gaseous and Ca-Na-Cl inclusions are well sufted lor reconstnic-

tion of Ihe evolution of diferent fuid systems which can be conrelaled with

distinct stages of Ihe tectonometamomhic history (lig. 1)

Reictic Nz- and Ny-COg-fich Fl were lormed duting crustal com-

P and under facies
They are lo local in plag-qtz
within gt-sil-bio gneisses

Ng-rich fluids appear to be charactenistic for higher grade metamorphism,
similar 1o other occurences e.g. in the Manchberg gneiss massil (s.
REUTEL 1992, KLEMD @1 al 1991). They wera parly found in close
connection with eclogite tacies rocks (KLEMD et al 1391)

The next group of gasacus Fi (CO-CHyei-Ng) can be cometated al keast
with the graphile cataciasis at the end of crustal transpression and the
beginning of crustal extension,

Relering to graphite crystalliniy studies by L.aser Raman microprobe It can
be demonsirated that graphite deposaion in the calaclasiic zones must
have been occured over 3 considerable temperature range of aboul > 500
Tlo<300C

The lasi stage al which gaseous F1 can be proved Is connected with
crustal formed atter ing of the and the
imrusion of the Upper Carboniferous granites. The fluids can be charac-
terized as CHg-Ny-mixtures which reveal a dstinct compostional rela-
tonship with gases of free fluids encountered in the KTB piiof hole They
are genelically linked with highly saline Ca-Na-Cl bearing inclusions
(basement brines)

Ca-Na-C| FI show characterisic fealures by which they can be well distin-

guished from all the previous systems.

O due 10 thelr occurence in young mineralisation and n undelormed
quanz, aligned along al cleavage pianes, they
strongly sugges! a younger origion, They are the only FI which can
uhdouble be classified as primary.

0 in older quanz grains they are ofien resiricled to secondary inclusion
\raits which imes iransed grain in the SEM-CI
images these Fl can be comelaled wah dark chanfelway struclures
crosscuning CL-contrasts of oider Fi

Depth-dependent evolution of fluid systems

in view of a depth-dependent conirol o formatian conditions most ol the
fluid inventory of the drlling seems 1o be less expressive than the highly
saiing Fl

For these Ca-Na Ci Fl the foliowing can be slated:

3 increase of inclusion size with depth with an average of 8-10 um and
20-40 um for the upper and lower section respectively (Fig. 2-3). Frem
the analysis of SEM-image we know inat the mean vatues of open
pores poounng in channeway structures ol corystaling rocks of the
Variscan basement now found al suriace exposures are in the range o
46 um

a trend of increasing salinities and Ca/Na-ratios with depth. Al deplh
below ca. 3600 m the first Fi containing NaCl and KCI daughter mine:
rals can be observed. investigations on Fi in samples al a depth of
B060 m show that these highly saline fuids occur as secondary inclu-
$0ns along twinming iameliae of atered plagociase as wel (fig 4-5)

) decreasing vanation of homogenization temperatures of Ca-Na-Cl FI
with depth (1. 6]. In the uppet section down |o 3 depih of about 4 km
Th-values vary over a large range between 100 'C and »350 'C. Below
this depth the varialions become less pronounced until in the depth
range of ca 5-8 km only small vanations have been observed

none of the Fl can be correiated with the recenl geolhermal gradient
whilch can be intered Irom the curves in Fig & showing the erpected
Th-values for Fi irapped along a gecthermal gradient ol 28 'Cm
Thimplies a formation of FI during an earlier event ai grealer depth
and/or a higher geothermal gradient
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Trying 10 explain the depth-depencent frend of vanation of Th data anc the
nerease of MCuSION SZe we have 10 consider two aspects

the cataciasic overprint and the uplin history

Because varialion 15 observed in calaclasiic and non-calaclastic rocks as
well it seems (0 be more likely that the uplift history 18 mainly responsible
for the large varalion
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Fig 1. Tectonol L of the fiuid evol n the KTB
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Fig 2' Flud nclusions (8-10 um) i quanz grains.
KTB HB 2000 m

Fig. 3 High sahne F's (20-40 umj with daughter minerals in quanz grains,
KT8 HB 7956 m

-9

with lower saliniies
high geothermal gradients

3
1
i

increase of fluid Inclusion sixe

igh salinities.
low geothermal gradients

younger Ca-Na-Cl uids

medium to hi

Fig 6 Depih dependent leatures of saline Ca-Na-Ci beanng inCiusons
(tor explanation see texi)

Based on experimental studies {a. 0. BODNAR et al. 1989, STERNER &
BODNAR 1889) it is well known that an upit trajectory which deviates
Irom the isochore position to @ canain exient may lead lo decrepitation of
Fi due 1o internal over- or underpressures. WALTHER & ALTHAUS (1986)

akrgady such mect y tor the quility of
melamorphic Fi in the Black Forest
! of Fl is mainly by their size and the chemistry of

the enirapped lluid. largar FI decrepitate first, highly saline Fi are more
to pos- ap 5.

Wah regard 10 the above impications we can interprele the observations in

terms of impiosion phenomena and reconstruct the svolution of Ca-Na-Ci

rich Fis

O for FI In the upper saction we have 10 assumg thal they were
entrapped under a higher geothermal gradient. This propably happened
during of the U'C graniies and sufrounding
matamomhic racks which raach the erosion level at least in the Rothe-
pend

O the lower sakinibes in Ihis drilled section can be explained by a lack of
salinar lormations al this lime.

O Ihe combination of uplift motion and decreasing geothermal gradienis

up o now leads 1o strong and

tion of these oiger group of saling fiuids causing & lowering of Th

values

this assumption is aiso suppored by the smaller Fl sizes. By experi-

mental investigations on synthelic and natural FI VITYK 8 BODNAR

(1994) could demonstrate that FI expesed to conditions of Internal

reveal features which are Inversely
proportional 10 the Fi size

Fl in the lower section show na or only Iittie decrepiiation festures

(targe inclusion sizes and small ranges of Th vaiues are preserved)

Thus 1 follows thal they were nol subjecled 1o dramatical imernal

pressure differences.

according lo the empinical formula of BODNAR et al. (1989) Fl wilh

sizes of 20-40 um should decripilate at differential pressures ol about

0.9-1.2 kbar corresponding to depth of ca. 3-4 km. This is in Ihe range

of the Creataceous uplit rate (JAKOBS & WAGNER 1993)

as a resull of the stabiity considerations F in sampies of 8060 m

should have been pped at nol g temps

mote than ca. 350 "C and depth ol ca 12 km
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In summary the results demonstrate long lerm aciily ol Ca-Na-Ci brines.
Eary lormed Fi of this system weie 1o strong post enttap
afteration and theretore the pnmary PVT information was oblieraled while
younger Fl preserved their anginal lormation condifions.

However by implosion with

and other geological information the PT history can be defimied

Fl lgund in the secton down 10 ca 4 km were lormed dunng a perod of

high upkih rates and high geothemal gradients. Fl al depth of &-8 km were

under of crustal and much lower geather.
mal gradients. The higher salinities in these fluids gwe evidence of the
increasing influence of subsiding residual brines of the Zechsten and
formation waters. infiliraled along lension and sheéar zones of the
crystaline basement
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Fig @  Blue green luminescent plagiociase. KTE HB 8080 m

Fg S Hgh saline Fis along twinning lamellse i plaguociase.
KTB HE 8060 m





