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NegatIVe c:::'P up to 1.5 kbars near the

100·C level In gneiH rocks fru. the

target are'" near HaslaCh.

Althoullh changed in cOllposltlon and phlse

ratios, liquids, gases and solutes in these

"secondary" fluid inClusions are of prillary

origin and .... st preserve certain pri81ary

features (e g. isotope-)ratlos.

CONCLUSIONS:

1. Upon cooling internal underpressures are

developped In fluid inclusions. MlIli.u.AP

Is about 1.5 kbars at 100·C (fi,. 1).

Z. If rocks containlna alnerals ... ith

underpressured fluid inclusions are

subject to late defor.atlonal stresses the

InClusions beco.e centers of .echanical

weakness. This results in liberation of

fluids, pro.otion of rock deforllation and

rearr&ll,e...nt of fluid incIusIOI'IS ... i th the

appearen.:e of lOll ,rade fluids.

1. It is not oe<:essar)' to assuaoe "floodin," a

lOll te.perllure fluids to uplain the

occl,Orrence of lOll ,rade Inclusions .

4. The seis.ic lOll ..docit1 ellannel belo...

Haslach as ...ell lIS the hi,h condu.:thi t1

lODe correlate ... ith recent re,i.es of

.axi.u. b. P and .Ilht ...e11 orl,lnlle fro•

the re.rran,e.ent of fluids fro. fluid

ioclusions •

~. Processes as described above ... 111 oCCur in

all areas of post.eta-orphlc defor.allon.
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Retro,rade pat": Presu.ably the hoSt crystals,

nor.ally are sufficiently rilid to support

the pro,rusive developaent of internal

underpressures In fluid inclusions. Zonal

arran,eaents of flUid cavities, nevertheless,

cause cen:ers of hydrolyt IC weaken in, thus

creatln, planu of .echanical instabihty

when sub.ltted to ""'ternal stress. Under

tectonic stren fluid caYitles .re sheared

and finally disrupted "'Ith aobiliutlon

and/or escape of yolatiles (plates 1,2) and

rearrangeaent In newiy for.ed Incl ... sions.

In e:atensional re,l.es below about .OO·C two

phase L/V-equillbria .ust be established in

all hydrosaline fluids. Liquid·lo·yapour

ratios and salt in concentration of residull

solutions are controlled by fissure volu.es.

Healin, of cracks in crystals will give rise

to very different types of closely associated

fluid-filled cavities dependlna ultlutely on

the b. P-regille (llhether cOllpression or

""'tension) upon closln, of the IIllcrosyste•.

INTERPRETATION: Durin, I .eu.orphic cycle

rocks follow PT course u depicted

sche•• tic.11y in fil. l-

Ourlnt III suau flUid inclusions •• y be

trapped In .inuals. Up to the t ••e of

closure of clvities Internal Ind external

pressures are identical. After.... rds, hOllever,

the developaent of pressure Inside the

inClusion fol1olls itS particular Isochore

defined by the conditions of trappina,

...hereu the outer pressure is deter.ined by

llthostatlc PT conditions (rock overburden).

Usually the two pressure re,l.es are not

identical.

Fi,. 1: Ouelop.ent of differential

pressures (sche.atJcally) durin, •

• ela.orphic cycle.

[IJ, [ii, fluid trappln, the

prollrade resp. retrograde branch.

Pro,rade path: Oevelopllent of high internal

overpressures in fluid inClusions upon

further heatlng causes cracking of the

cavities ... ith leah,e of volatiles until

press ... re eq ... llibrlull Is Ittained. Thus

contents and PT conditions of hydrosaline

'ncl ... slons foned d... rlna prOtrade _iner"l

growth will not s ... rvlve. The PT conditions to

be preserved are those of the peak of

Metamorphism, which has been estlOllated at

about 100·C and to. kbars in the Central

Schllartw.ld.
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Broadly scatteonl .Icrotheraic

diU, salinities venus densities of

hydrosallne inClusions fro. two

,eothenlal ruearch ...ells {BI

Hechtsberg, Be • CeschahseJ.

Fluid inclusion study In base.ent rocts of

the Moldanubian Jone/Central 5chwan... ld.

OBSERVATIONS: Unusu.1 patterns of fluid

IncluuonJ hive been found in base.ent rocks

of the Central $ch... rt"ald. She,nd and

squashed cavitles au very abundant locally.

Fluid IncluSIons Ire typiedly arran,,,d alonl

healed aicrocncts or follow ,rain ;Ind

sublraln boundaries. (plates: I)

Mo~t conspicuous fe.tuTes are:

Wide sCltter in nlinitlu frol O.S to

IS , .. t NaCI and ,n densities frol less till."

0.2 to 0.9 ,/u l (fi,. I, plate 2). C.e1 2 is

probably present in SGlle inclusions.

ORIGIN Of DIFFEl.EHTIAL FLUID PRESSURES IN THE

COUISE OF A MUAJ«JJJ'HJC EVENT:

Patterns 15 observed indiclte lhllt the fluids

anll their host rock aust have been sub.itted

to. posttrappina dynuic event.

Cases; Trace .nounu of CO2 and CHi have been

fOllnd ubiquitously, the latter abundantly In

graphite bearina aneiuu. S"all droplets of

.. bitullino... s Ilq ... ld appear locally in

series of hydroullne cavities.

.' tl..... :'. "::,\:",: '. r,
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Plate 1: Crain boundaries tn qUlrtt closely

covered by fluid Inclusions (80:.,

Zindelnein)
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PIUe 1: Closely spaced cnltles with

hydr05lllne SOlution of different

densities (500:., Ilechtsberg)
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Retrograde path:  Presumably the host c rys ta ls
normally are  su f f i c ien t ly  r ig id  to  support
the progressive development o f  in te rna l
underpressures in  f lu id  inc lusions.  Zonal
arrangements o f  f lu id  cav i t i es ,  nevertheless,
cause centers o f  hydro ly t ic  weakening thus
creat ing  planes o f  mechanical i ns tab i l i t y
when submitted to  ex terna l  s t ress .  Under
tectonic  stress f lu id  cav i t i es  a re  sheared
and f ina l l y  disrupted wi th  mob i l i za t ion
and/or escape o f  vo la t i l es  (p la tes  1 ,2 )  and
rearrangement in  newly formed inc lusions.
In  extensional regimes below about 400*C two
phase L/V-equi  1i br  i a must be establ ished in
a l l  hydrosaline f lu ids .  L i  quid-to-vapour
ra t ios  and sa l t  i n  concentration o f  res idual
solut ions are cont ro l led  by f issure  volumes.
Healing of  cracks in  c rys ta ls  w i l l  g ive  r i se
to very d i f f e ren t  types o f  c losely associated
f lu id - f i l l ed  cav i t i es  depending u l t imate ly  on
the A P-regime (whether compression or
extension) upon closing o f  the microsystem.

Although changed in  composition and phase
ra t ios ,  l i qu ids ,  gases and solutes in  these
"secondary” f lu id  inclusions are o f  primary
or ig in  and must preserve ce r ta in  primary
features (e .g .  i so tope-Jra t ios .

CONCLUSIONS:
1 .  Upon cooling in te rna l  underpressures are

developped in  f lu id  inclusions.  MaximumAP
is  about 1 .5  kbars a t  300’C ( f ig .  3 ) .

2 .  I f  rocks containing minerals with
underpressured f lu id  inclusions are
subject to  l a te  deformational stresses the
inclusions become centers o f  mechanical
weakness. This resu l ts  in  l ibe ra t ion  o f
f lu ids ,  promotion of  rock deformation and
rearrangement o f  f lu id  inclusions w i th  the
appearence of  low grade f lu ids .

3 .  I t  i s  not necessary to  assume ’ ’ f looding" a
low temperature f lu ids  to  expla in  the
occurrence o f  low grade inc lusions.

4.  The seismic low ve loc i ty  channel below
Haslach as we l l  as the high conduct iv i ty
zone cor re la te  wi th  recent regimes o f
maximum A P and might we l l  o r ig ina te  from
the rearrangement o f  f lu ids  from f luid
inclusions.

5 .  Processes as described above w i l l  occur in
a l l  areas o f  postme tamo rphi  c deformation.

ORIGIN OF DIFFERENTIAL FLUID PRESSURES IN  THE
COURSE OF A METAMORPHIC EVENT:

F lu id  inclusion study m basement rocks of
the Moldanubian Zone/Central Schwarzwald.

J .  Walther, E .  Althaus - Karlsruhe:

INTERPRETATION: During a metamorphic cyc le
rocks fo l low a PT course as depicted
schematically in  f ig .  2 .
During a l l  stages f lu id  inclusions may be
trapped in  minera ls .  Up to the time o f
closure o f  cav i t i es  in te rna l  and ex terna l
pressures are iden t ica l .  Afterwards, however,
the development of  pressure ins ide  the
inclusion fol lows i t s  par t i cu la r  isochore
def ined by the condit ions o f  t rapping,
whereas the outer pressure i s  determined by
l i thos ta t i c  PT conditions (rock overburden).
Usually the two pressure regimes a re  not
iden t ica l  .

OBSERVATIONS: Unusual pat terns o f  f lu id
inclusions have been found in  basement rocks
of  the Central  Schwarzwald. Sheared and
squashed cav i t i es  are very abundant loca l l y .
F lu id  inclusions are typ ica l l y  arranged along
healed microcracks or fo l low gra in  and
subgrain boundaries, (p la tes :  1 )

Most conspicuous features a re :
Wide scatter  in  sa l in i t i es  from 0 .5  to
IS I wt NaCl and m densi t ies  from less  than
0 .2  to  0 .9  g/cm3 ( f ig .  1,  p la te  2 ) .  CaCl 2 i s
probably present in  some inclusions.

Gases: Trace amounts of  C02 and CH fl have been
found ubiquitously,  the l a t te r  abundantly in
graphite bearing gneisses. Small droplets  o f
a bituminous l iqu id  appear loca l l y  in  a
ser ies  of  hydrosaline cav i t i es .

Prograde path :  Development of  high in te rna l
overpressures in  f lu id  Inclusions upon
fur ther  heating causes cracking o f  the
cav i t i es  with leakage o f  vo la t i l es  un t i l
pressure equi l ibr ium is  a t ta ined .  Thus
contents and PT conditions of  hydrosaline
inclusions formed during prograde mineral
growth w i l l  not survive. The PT condit ions to
be preserved nre those of  the peak o f
metamorphism, which has been estimated a t
about 700’C and 3 to 4 kbars in  the Cent ra l
Schwarzwald .

W . SOO , I tM ’C ,
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Patterns as observed ind icate  that  the f lu ids
and the i r  host rock must have been submitted
to  a posttrapping dynamic event.
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F ig .  2:  Development o f  d i f f e ren t ia l
pressures (schemat ica l ly )  during a
metamorphic cyc le .

[1J , [z j , f l u id  trapping on the
prograde resp. retrograde branch.
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F ig .  1 :  Broadly scat ter ing  microtherm! c
data,  sa l in i t i es  versus dens i t ies  o f
hydrosaline inclusions from two
geothermal research wel ls  (B l  -
Hechtsberg, B6 ■ Gcschahse).

P la te  I :  Grain boundaries in  quartz c losely
covered by f lu id  inclusions (30x,
Z indelste in)

P la te  2:  Closely spaced cav i t i es  with
hydrosaline solut ion o f  d i f f e ren t
densi t ies  (500x, Hechtsberg)

F ig .  3 :  Negative P up to 1 ,5  kbars near rhe
3D0*C leve l  in  gneiss rocks from the
Target area near Haslach.
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