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Characteristics of fluid inclusions and their relationship with saline water and
gases in crystalline rocks
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Characteristics of fluid inclusions and their  relationship with saline water and
gases in crystalline rocks

Based on  experimental studies (a  o BODNAR ei a) t989, STERNER &
BODNAR 1989) it « well known toal an uptft traiectory which deviates
from the isochore position to a certain extent may lead Io decrepitation of
Fl  due io internal Over or underpressures WALTHER & ALTHAUS (1986)
already dscuued such m*cnamsm* theoretcatty tor the re ec sKvaion at
metamorphe Ft m the QUO  Fores

Decrepitation of Ft is mamiy controlled by their sue and the chemistry ot
the enirapped fluid larger Fl decrepitate firs, highly saline Fl are more
susceptible to posl entrapment modihcahons

wan regard to the above vnpicaticns we  can interpret« the observations n
term* ol «uptown phenomena and reconstruct the evokrtton ot  C*-N*-Ci
rich Ft«

O for Fl in th* upper secllon w*  have to assume that they were
entrapped under a hgher geothermal gradieni This propabfy happened
during exhumation ol the U'Caitoniferpu* granites and surrounding
metamorphic rocxs wrven reach me erosion level at least n me Roll«
gene

O the tower satmrtes m thts dnüed section can be  explained by a tac* of
salinar formations al this lime

O me combination of upim motion and decreasing geothermal gradients
up to now leads io strong Implosion and subsequent re-equilibra-
tion of these otter group <X sasne ftotos causing a towering ot Tn
values
tf*S assumpton s also supported by lhe smarter F l  sues By expert
mental inveslgatons on synthetic and natural Fl ViTYK A BODNAR
(1994) could demonstrate that Fl exposed to conditions of Internal
underpressure reveal re-equillbratIon lectures which are inversety
proportional to the Fl size

O F l  in the tower section snow no or  only utile decrepitation lectures
Ilarge >nctosen sizes and small ranges of Th values are preserved)
Thus if follows that they were not subtecied to dramatical internal
pressure differences
according Io the empirical torrrula of BODNAR el al (1969) F l  with
sizes of 20-40 ym should decnp«iate at deferential pressures ot about
0 9 -12  hbar con-espondxtg to depth of ca 3-4 km This is to th* range
ol ihe Creataceous uptft rale IJAKOBS & WAGNER 1993)

O as a resun ol lhe stability considerations Ft in samples ol 8060 m
should have been entrapped al conditions nci exceeding temperatures
more than ca 350 ‘C and depth of ca  12 km

in  summary the results demonstrate tong term activity of Ca  Na  Ci  bnnes
Earty termed Ft of Ihrs system were subjected to strong post entrapment
alteration and therefore ihe primary PVT information was obliterated white
younger Fl  preserved men original formation conditions
However by implosion characteristics, combined with mcrothermomeiric
and Other geological informalen ihe PT history can be delmwed
F l  found to the sectton down to ca 4 km  were formed durtog a period of

high UpM rales and high geothermal gradients F l  at depth ot 6 8 km  were
entrapped under condrttons of crustal extension and much tower geother
mal gradients The higher salinities m these fluids give evidence ol the
increasing intluence ol subsiding residual brines of the Zechstem and
formalen wafers mbliraied atong tension and shear zones ol the
crystaAne basement
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One ol the mayor objectives of fluid inclusion (Fl) mvesigatens in the KTB
was to study th* d«pth-dap«nt)eni »votutfon pl Ifoxj system* Due to lhe
steeply mdinaed structure a is mos: urtKefy that one can observe fMgher
metamorphe oondmons preserved by Fl to th* erteal mineral assem-
blages of gneisses and merabasrtes increasing with depth The only hues
which reflect a depth dependent evolution are Ca-Na-Cl fluids formed after
titling the rock senes to a subvertical position during younger alteration
stages under gr*«nschtst taae* conditions

Review ot PTt-oapendem evolution of fluid ayxrems

in general three major systems can be  distinguished
m low saline F l  occuring over the entire drilled depth range
m gaseous FHnthe COj-CH N j  system
m mode'ate to hgn saime Ca-Na-Cl  Ft up  to NaCi  saturation ;sometimes

containing adcMcnaily KCl or MgCOn as daughter meieral?

Especially gaseous and Ca  Na  Ci  iretosions are wett suited tor reconsfroc
lion of lhe evolution ol cMlerent fluid systems which can be  correlated with
distinct stages ol  lhe lectonomeiamorphic history (lig 1)

Rekelc Nj- and N2 -COj-rich Ft were formed dunng crustal com-
pression and trenspression under arrpneoKe farces metamorphe
ocnoaons They are restnaed to toca< occurences m plag qu  mobnsaies
wahto gt sü-bc gneisses
Ng-rich flutes appear to be charactensfc for higher grade metamorphism,
similar to other occurences eg  in the Munchberg gneiss massii (s
REUTEL 1992. KLEMD at al 1991) They were partly found m close
conneciton w«n *c>og«te 1acres rocks (KLEMD et al 1991)

The next group of gaseous Ft iCOj-CHjv-Nj,! can oe co-rrefefed at east
with the graphite caiaclasis at the end of crustal transpression and the
beginning of crustal extension.
Refer,ng to graphite crystallinity studies by Laser Raman microprobe II can
be demonstrated that graphite deposition m th# caiaciasiK zones must
have been occured over a ccnsteerebte temperature range ot about > 500
■Cto<300‘C

The Iasi stage al which gaseous Ft can be proved ts connected with
crustal extension formed after steepening o l  lhe metamorphites and lhe
intrusion of lhe Upper Carboniferous granites The Hutes can be  charac
tenzed as CH Nj-mlxtures which reveal a dstind compos4ionai reia-
ixjnsnp with gases ot iree flutes encounter« r tne KTB pact nob* They
ate geneicaiiy inked with highly saline Ca-Na-Cl beanng inctoscns
(basement bnnes)

Ca-Na-Cl F i  show characterise features by which they can be well distin-
guished from all me previous systems

□ du* to their occurence to young mneraksaicn and to undeformed
quartz, some!mes aligned atong rhornt»neoa> cleavage planes, they
strongly suggest a younger orgen They are lhe only Fl which can
undouble be  classified as primary

□ in otter quartz grams they are often restricted to secondary inclusion
Irak? which sometimes Iransea grain boundanes In lhe SEM-Cl
mages these Ft can be  correlated wen dark channchvay strockxes
crosscunng CL-contrasts ot older Ft

Depth-dependent evolution ot fluid systems

tn view of a depth dependent control ol formalen condihons most ol the
Mud inventory of me  dnikog seems io be less expressive man me reghty
saime Ft
For rnese Ca-Na Ci  Ft me loaowmg can be  staled

) increase ot inclusion size with depth with an average ol 6-10  pm and
20-40 pm  (or ihe upper and lower sectton respectively (Fig 2 3) From
ihe analyse of SEM-image we know mat toe mean values ol open
pores occurtog n cnanneiway structures ol crystaime roos ot me
Variscan basemen now found at surtace exposures are « me  range at
4-6 prn

□ a trend of increasing sahnmes and Ca/Na-ratios with depth At depth
below ca 3600 m lhe tlrst Fl containing NaCl and KCl daughter mine
rais can 0« observed investigations on Fl m samples at a depth ot
8060 m snow mat these hghfy saune Hutts occur as secondary .nctu-
Stofts atong twmrwig tamHae of akered ptagroclase as we« (hQ 4-5)

) decreasing vanalion of homogentraton temperatures ot Ca  Na  Ci  F i
with depth ( Ig  6) in the upper section down io a depth ol about 4 km
Th- values vary over a large range between 100 ’C and >350 ‘C Below
this depth the variations become fess pronounced until m the depth
•arge Ot ca 5 8 km only sma« vanators nave been observed

3 none of toe F i  can be  oxreiated with th* recent geotnermai gracteni
wtwKh can be infered from me curves m Fg  6 showmg the e<peered
Ttwaiues lor Fi trapped atong a geothermal gradient of 28 ’Cfkm
Thimphes a formation ol Fl during an earlier evenl al greater depth
andror a higher geothermal gradient

frying io expiato me  depth-oepenoera trend of vanauon of Th data and toe
crease rwtscin we  we na»e to constte' two aspects

me caiactasic overptmt and rhe uphh history

Because vanaion is observed m caiaciaslc and non caiadastc rocks as
wen <1 seems io be  more likely mai the uplift history is mamiy responsible
for lhe large .analen

compression beginning ot
extension

Fsg 1 Tectonometamorpmc characteristics of lhe fluid evolution m the KTB

Fg  2 Fkjfo nctoSKJns (8 10  pm) to quartz grams

KTB HB 2008m

Fig 3 High saline FFs (20 40  um) wtlh daughter minerals m quartz grams

KTB H0  7956 m
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F>g 4 Blue green luminescent plagioclase K T B HB 8080 m
f 4j S High safer« F ls  atong twririing lamellae in ptagcctase

KTB HR 8060 m

Fg  6 Depth dependent features of saline Ca  Na  Cl  bearing inclusions

(tor explanation see text)




