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R••.,lt.:

tler.. 1 _9_tic O,H i"otope c<:>.~itiOl'> or qun-

itie ~oek. v .. ~y in the ~.nge 6.0 to :.10_0' nd

rros -50 to -80\ •• ~.apeettvely. Any ~oek ith

lo.... ~ 1'0 o~ D eOn tent au"t h.. ve luc:hang.d i"o­

topea "Hh a 10" (180 • Ol-~e_~voi~ ..hieh ill ~.­

.tdet"" to _tltOde ... t.~ OI'>ly. In t i9U~. 1 the

180 dlt. of eon.titu.nt sin.~d. (O~. rsp. I'ls .nd

8il ,,~ c:o.pil.d. Th. f~..etion.tiona bet....n the

.. inaul. a~e not in ... 9 .... tic: .qullibdu ..

(T"600·C) ... illuatut.d by the upp.r ..ost lin.:

quartz. if .. t .. 11. ia d.plet.d to • v.~y "11,,11

."t.nt... t>e~..." f.ld.pe~ .nd biota. a~. SOllt d.­

pl.t"" du. to th.i~ f ••t ."eh.n9. ut••. Th. -o.t

On. of the ... in proj.cta or KT8 i. the ;nv",,­

t19ation of fluid. In the dU!"l'r crvn ..net th.ir

Interact lone with rock•• O.B iaelOpe .".lye!.

cOIOt>lned with .ic:roth.r.o.etric: r••••n'" and
• I""ral ."elyai. of ... troqr..te pha... are I_pon_

ant inCIic:.. ton. of ..ater/rock interActione. OUes­

tion. rel"ted to til. origin of fluid•• t._"",... ­

tur•• of inur.ction .nd ch"al".l 1-';'''''"9. pro­

ees'" Un thus be a".",,,M. Within U•• fu••vort

of tIM recOIIlla, ...nc••tudl .." of IlTI. four gran­

itic plutons of the St-$ch ..... n ... ld (St. 8l.u,i.n
.nd Alllnl' biotite 'leann••• SChh'chue and BOir­
hald.: two aiea gr"nitts) and On. pluton of th,

O~rpr.lt (hlk.nberliJ} tone been invutlgat.d.

Witn r••p.cc to hydr..... n...hal. ~.:>c\. bio·

tit./chloriU ...u.cl)vit./.ericit••nd fluit! in-

Int.r.cclon Of nUids .. \th roc\ not only .rt.ees

tha isotope eo_po.itlon. but .1.0 control. the

r.-pa~tttion of .l•••nt. o~ the ~et~og~.d. 1'.­
cry.Calli~ation of .Inar.l••• ca" be aho...n for

Sl!-Sch...~~".. ld g~anltic rock. by .icrop~obe

an.ly.i •. Tha •• in ~••ctio.. th.t occu ... in the

biolt. g ...nit.. is tM di.int..,racIOI'> of biotlta

to chlorlt. plu. il.enit.:. .ph /rutil •. A.-
.usln9' the alusi .... cont.nt·~e ins con.t.nt,

10•••• of 51. """ Ba. II. I'll., Jl.b, r .nd Cl .~.

c"lculat.d .. Ithin this ~ ••c:tlon .. h.r••" 1,.1, Cu

and Pb are ",ain.d. Biotic•• of the t ..o dc.

",ranlt•• eonv.~t to...~d••u.covlt. plus he... tlc.

.. ith los••• Of S1. l. iiI., 81, Pb. Cl .nd , .nd

",.in. of Li. Cu, lib, "9 "nd c•. 'ald.pa~. in boCh

9r.nit•• sho.. s.~lciti~.. cion .nd .lbltiz.tion

..hlch involv•• l •• chi .. ", of C•• l. B•• S~ .nd Pb

ancl .n jnc:~••a. of II••nd lib eo.. t.nt ". e.n be

confir••d by .n.. lyzing f.ld.p.r. th .. t ... ~. al­

t • ...., to dltr.~.nt .n.ntS.

A fe ... nu ..b.~ of biotit• ., f~o. Ch. F.lk.nbarg

gr..nic., Oberphh.... ~••ho .n.lyz.d. "'s .ho..n

In figu ... 2 th.... i" no evid.nc. fc~ inter..ction

.. ith • fluid at ••C.oric o~i",ln. Th. i.,otopic:

r.Uoa are .. ithin the fi.ld of pd ... ~y "g..tlc:

.",.po.itiOl'> ."c.pt 0 ... chlodtiud biotite ..ith •

SD valu. of -l8' ...hich lIay indic.t. the inrtu~

.ne. of !or.. tlon "ater".

Pig. ) AV.~.". hc.oq...i~.tion t ••per.tur•• of

fluid inelusiOl'>.....1.Ced to sl80 v.o}u•• of qu.rto

.ntI blotit.. froo: the SI':-Sc:h... r ..... ld. (Sy.bol.:

GBK o""n, esclI •• CA " ,GSB filled.)

t.nt of fluid inclu.lon i" ob•• ~v.d ..hich gi"••

.ddltional .vid.nc. for .i:oing .. ith fo~s.tion

"at.~. in uppa~ ",,~t. of the t ..o .Ic.. ",r.nit••.

Coo'><:I .... ion:

Granitic ~ocka ot t S£-Seh... ~~ .... ld have Int.~-

ac:ted .. ith •• tltO~ic t .... fta~ th.ir solidifi_

c.tion .t t ••per.tu~•• b.t n about lOO' .ncl

SOD·c. L.C. st.9... lo1n9 of fo~ tion ..ate~" .. Ith

...t.odc ".t.r. in hlghe~ int~u.ion l.vel. at the

~ ... o .. Ic" ",r.nlt•• at c...per.ture. bet ....n 200'

.nd m'e i. propos.d. Granites fro. the r.lk.n­

ber",. Ob.rpf.lz. aho.. no elaa~ avid.nc. to~ 11.­
t.ode ·.... t.r Int.r.etion. 1I0...v.~. ;nt.raction

.. ith for.. tion "at.~ c.""ot be ."elud.·-

~or..... Iy.... of 0,11 .lIOtope co.po."t

r.l••nd ~ocJr.a .. ill be c .. rrie<!

...pl.s f~". the 'Vo~boh~u"9'.

Pig.: 2 so_s180 dj.q~•• of ... hol. ~ock••nd

biotit•• froo: the Seh...r~.... ld and Obe~pfah.

elusion 11 20 in qu.rt"•• hall. ~en .n.ly".d. A.

"ho..n in fig .. ~e 2 the so.t depl.t.d ph••• i.

biotic...hleh I. ~.c~y.t.IHzed to ".~ying .:0­
c.nt" to Chlorite. Th. hl"h.~ the chlorit. con­

t.nt the lar",.r i~ Ch. d.pIetton in 0 .nd 180 •

Th. initi.l 0 I.otop. co.po"ition Of the tluld

ph.". c.n be obt.ined by dir.ct .n.ly.i. of tluid

inclu.lon. in qu.~t~ h,v.~.q. of ••v.~.l ".n.r­

.tion.' .. ;'ich yidds ••0 v.lu. ot .bout .g.o, ..
Thi" ".Iue aU9g•• Cs ." initi .. l 5 180 v.lu. of

-12\. ro~ the •• t.orlc ... t.r ..ho•• • 180 .nd SO

".Iu...... co~r.l.ted ... ah ",e<l9r.pl'lic .ltltude by

the •• c.orlc: ... c.r line ("1011,.) •••ho .. n In

flgu ... 2. Although the o:o.t d.pl.tad bio­

tltu/chlorit•••re i .. 0/11 equllibdu...ith thi"

...at.crlc fluid. 18 0 /160 equillbriu. ill not

r ••ch.d b.c.u •• of .lc".~ .Ich.ng. ~.t•••nd

hi'Oher conc:.nt~.t1on" cf o.yq.n in the ..in.~.I•.

\II.tIH/~oc:k ratios "" hiq" •• 0.5 to 1.0 .. to..~\

oly",en .~. required for thi. deq~ee of depl.tlon.

Optic:al .vldenc. fo~ thi. high gr.d. fluid infll­

tr.tion .rls•• f~o. c:.thode lu.lni.c.n...

In nor.. l ..",..tic .......bl...." .u.covit. I. about

.20\. h••vi.~ i .. d.ut.~ius tha .. co•• I.tin..

blotit•. Ho...".r, i .. CM t ...o o:ic:. 9 ...nlt.s (..~­

h.ld••nd Schluch••• ' .u.covlt." .. r. g.n.rally

depl.ted in d.ut.du. ~et.tlve to bioCitta (up to

-ll\.). This c.n be ..pl.ln.d by I.te .t.... 0

isotope ..ch.n... of biotite ... Ith Isotopic.lly

h••vy fcr•• tlon ..aC.~. not .. H.ctin.. the 0 COMpo­

"ition of the IOU.covit...hich "a" pdo~ depl.Ct'd

by int....ccion .. iCh the _t.orlc fluid. In .ddi­

tlon, f.ld.pe~ ••hlbit. In .0......pl.a of the

ai.~h.. ld. pluton n.g.tiv. Hlo f~.etionation to

quao~tz ..h.ch ..y be .Iso c.u.eeI by ."c"'""9...ith

fo~•• tion t.~s. Thu•• th.r.. i ••vid.nc:. for

shi"" of t.r. of diH.rent orl91n in the uppa~

intru.ion 1.".1 of the C..O .ic:... r ..nit••.

S.eond.. ~y .queous fluid Inclu.lons in qu.rt" .. r.

v.. ~y .bund.nt th~cughout th .. ",ran'tlc roc:k. of

the SE-Sch ... ~~... ld. Th..y .r. 10" In ."Ilnity

(",10\ tl.Cl.qUlv.l.' and ","v. hO"O<J.ni~atlon t••­

p.r.tur•• b.C....n 200· and "SO·C. lncr••• in",

.ve~"ge ho"'09.ni •• tion t ••pe~.tu~•• a~. d,r.ctly

linked .. llh the <teqr.. cf i..,to"" d.pl .. t'OI'> •• it

la .ho..n in figure ] for biotll....nd to. I.sse~

d.9~e. for qua~C"_ Lo... r t ••per.tur." .~. con­

"",tent .. Ith h.O]" ,180 v.lu•• of b.otit. in the

t ..o .. ic. qunit"". P..rali.t tc. d.e~.,uinc; 1>0.0­

...nu .. t ion te.p"r.tur. an Inc rIO"". Ln .,,It c:on-

1>180
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Pig.: I .180 hiato",ulI of .in.ulll f~o. SE­

Sch".u... ld ",~.nitu. (Sy.bols: C8H op.n. GSCH

pointed. CA c~o""ed. GSB fill.d.)

depl.t.d biotite h••• SIBO v.lu••" 10'" .s

-0 .• \ •. Thi. di".quilib~iu.p"tt.~n. e.n b. e"­

plai""" by i"otopt ."chan",,, in .n Optn sy.ue••t

t.a~~.tu~•• 10"." th.n 600'C .nd di!r.~.nt

.... t.~/~ocll ~.tiOlI.

In t ...a. of t n.ry f.ldsp.o.~ th.r.o•• t~y te.-

p.rttur•• bet n 250' .nd l50'C fo .. t"o .ie..

g~ ..nit." .nd b.t n 400' .. nd S50'C fo~ biotite

", ....nit.a ... ~. e.leul .. t.d. rluid inelu.lon th.~.O'­

... try yi.ld" .everal .a.i ... in • b~...d "p"et~u.

of ho"'O<J.niution t ...""~.ture,, (not co~neted tor

p .... "ur.). On.... "l.,u", bet ...een 250' .nd 290'C

OcCura in t"o IOle. ",~.nit••. Suc:h t ...p.~.. ture"

.r. rtr. in biotite ",~ ..nit ••. T.,"p.r .. tu~e" b.t­

"'e.n )20' .nd 190'C ,r. v.ry .. bund.. "t in both

ty""a of gunit.",. Thua. d.ffer.nt .v.nt" of

hydroth.~•• 1 ..etlvlty .t ddf.~.nt .ub.o1>du.

t._p.~.tu~." "r••"ppo••d to be in"olved .n

fluid/rock ,nt.r.c:t.on.
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One  o f  the  ma in  p ro jec ts  o f  KTB i s  the  inves -
t iga t ion  of  f lu ids  in  the  deeper  c rus t  and the i r
in te rac t ions  w i th  rocks .  O,fl i so tope  ana lys is
combined  w i th  mic ro thermome  t r i c  research  and
minera l  ana lys is  of  retrograde phases a re  import-
an t  indicators o f  water /rock in teract ions .  Ques-
t ions  re la ted  to  the  o r ig in  of  f lu ids ,  t empera -
tures of in te rac t ion  and  chemica l  exchange  pro-
cesses can thus be answered. Wi th in  the framework
o f  the reconnaissance s tud ies  o f  KTB, four  gran-
i t i c  p lu tons  o f  the  SE-Schwarzwa ld  (S t .  B las ien
and  A lb ta l :  b io t i t e  g ran i tes ,  Sch luchsee  and Bär-
ha lde :  two  mica  g ran i tes )  and  one  p lu ton  o f  the
Oberp fa l z  (Falkenberg)  have been inves t iga ted .

Resu l ts :
Norma l  magmat ic  O,H isotope composit ion of  gran-
i t i c  rocks vary  in  the  range  6 .0  to  >10 .0%.  and
f rom -50  to  -80%. ,  respec t ive ly .  Any rock w i th
lower  i 8 O or  D conten t  must  have  exchanged  iso-
topes w i th  a low ( i 8 O, Dl-reservoir  wh ich  i s  re-
s t r i c ted  to  meteor ic  wa te r  only.  In  f igure  1 the

8 O data o f  const i tuent  m inera ls  (Qz ,  Fsp,  Ms and
Bi )  are  compi led.  The f rac t iona t ions  be tween  the
minera ls  a re  no t  in  magmat ic  equ i l ib r ium
(T 4 600*C)  as  i l l us t ra ted  by  the  uppermost  l i ne :
quar t z ,  i f  a t  a l l ,  i s  dep le ted  to  a ve ry  sma l l
ex ten t ,  whereas  fe ldspar  and b io t i t e  are most de-
p le ted  due  to the i r  f as t  exchange ra tes .  The most
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B io t i t e

e lus ion  l O in  quar t zes  have  been ana lyzed .  As
shown in  f igure  2 the  most  dep le ted  phase  i s
b io t i t e  wh ich  i s  rec rys ta l l i zed  to  va ry ing  ex -
ten ts  to  ch lo r i t e .  The  h igher  the  ch lo r i t e  con -
ten t  the  l a rger  i s  the  dep le t ion  in  D and  * 8 O.
The  in i t i a l  D i so tope  compos i t ion  o f  the  f lu id
phase can be ob ta ined  by  d i rec t  ana lys is  o f  f lu id
inc lus ions  in  quar t z  ( average  o f  severa l  gener -
a t ions )  wh ich  y ie lds  a SD va lue  o f  about  - 90%» .
Th is  va lue  sugges ts  an  in i t i a l  S18 O va lue  o f
-12%.  fo r  the  meteor ic  wa te r  whose  S18 0 and  fiD
va lues  a re  correlated w i th  geographic a l t i tude  by
the  meteor ic  wa te r  l ine  (MWL)  as  shown in
figure 2 .  A l though  the  most  dep le ted  b io -
t i t es /ch lor i tes  are in  D/H equ i l ib r ium w i th  th is
meteor ic  f lu id ,  8 0 /  8 0 equ i l ib r ium is  no t
reached  because  o f  s lower  exchange  ra tes  and
h igher  concent ra t ions  of  oxygen in  the  minera ls .
Wate r / rock  ra t ios  as  h igh  as  0 .5  to  1 .0  a tom-%
oxygen a re  required for th is  degree of  dep le t ion .
Opt ica l  ev idence  for th is  h igh  grade  f lu id  in f i l -
t ra t ion  a r ises  from cathoda lumin iscense .

ten t  o f  f lu id  inc lus ion  i s  observed  wh ich  g ives
add i t iona l  ev idence  fo r  m ix ing  w i th  fo rmat ion
wate rs  in  upper par ts  o f  the  two  mica  g ran i tes .

In te rac t ion  of  f lu ids  w i th  rock not  on ly  a f fec ts
the  i so tope  compos i t ion ,  bu t  a lso  cont ro ls  the
re -par t i t ion  o f  e lements  or  the  re t rograde  re -
c rys ta l l i za t ion  o f  m inera ls  as  can  be  shown fo r
SE-Schwarzwa ld  g ran i t i c  rocks by  mic roprobe
ana lys is .  The  ma in  reac t ion  tha t  occurs  in  the
b io i te  g ran i tes  i s  the d is in tegrat ion  o f  b io t i t e
to  ch lo r i t e  p lus  i lmen i te  * sphene / ru t i  l e .  As -
suming  the  a lumina  conten t  * rema  ins  cons tan t ,
losses  o f  S i ,  Mg ,  Ba ,  X ,  Na ,  Rb ,  F and C l  a re
ca lcu la ted  w i th in  th is  reac t ion  whereas  L i ,  Cu
and  Pb  a re  ga ined .  B io t i t es  o f  the  two  mica
gran i tes  conver t  towards  muscov i te  p lus  hemat i te
w i th  losses o f  S i ,  K ,  Na ,  Ba ,  Pb ,  C l  and  F and
ga ins  o f  L i ,  Cu ,  Rb ,  Mg and  Ca .  Fe ldspars  in  bo th
gran i tes  show ser ic i t i za t ion  and  a lb i t i za t ion
which  invo lves  l each ing  o f  Ca ,  K ,  Ba ,  S r  and  Pb
and  an  inc rease  o f  Na and  Rb  conten t  as  can  be
conf i rmed  by  ana lyz ing  fe ldspars  tha t  were  a l -
tered to  d i f f e ren t  ex ten ts .

A few number  o f  b io t i t es  f rom the  Fa lkenberg
gran i te ,  Oberp fa l z ,  were  a lso  ana lyzed .  As shown
in  f igure  2 there  l a  no  ev idence  fo r  in te rac t ion
wi th  a f lu id  o f  meteor ic  o r ig in .  The  i so top ic
ra t ios  are  w i th in  the f i e ld  of  p r imary  magmatic
composit ion except one ch lor i  t i r ed  b io t i t e  w i th  a
SD va lue  o f  - 38%,  wh ich  may ind ica te  the  in f lu -
ence of  format ion wate rs .

Conclusion:
Gran i t i c  rocks of  the SE-Schwarzwald  have inter -
acted w i th  meteor ic  wa te r  a f te r  the i r  so l id i f i -
ca t ion  a t  t empera tures  be tween  about  300*  and
500*C.  La te  s tage  mix ing  o f  fo rmat ion  wate rs  w i th
meteor ic  wa te rs  in  h igher  in t rus ion  l eve ls  o f  the
two  mica  g ran i tes  a t  t empera tures  be tween  200*
and 300*C is  proposed. Gran i tes  f rom the  Fa lken -
berg ,  Oberp fa l z ,  show no  c lea r  ev idence  fo r  me-
teor ic  wa te r  in te rac t ion .  However ,  in te rac t ion
wi th  format ion  wate r  cannot be exclude'*

More ana lys is  o f  0 ,M  isotope compos i t
ra ls  and  rocks  w i l l  be  ca r r i ed  ou
samples from the "Vorbohrung- .

I n  normal magmatic  assemblages muscovite i s  about
♦20%. heav ie r  in  deu te r ium than  coex is t ing
b io t i t e ,  however ,  in  the two  mica g ran i tes  (Bar-
ha lde  and  Sch luchsee )  muscov i tes  a re  genera l l y
depleted in  deu te r ium re la t i ve  to  b io t i t es  (up  to
-31%«) .  Th is  can  be  exp la ined  by  l a te  s tage  D
iso tope  exchange  o f  b io t i t e  w i th  i so top ica l l y
heavy fo rmat ion  wate rs  no t  a f fec t ing  the  D compo-
s i t ion  o f  the  muscov i te  wh ich  was pr ior  dep le ted
by in teract ion  w i th  the  meteor ic  f lu id .  In  addi-
t ion ,  f e ldspar  exh ib i ts  in  some samples  o f  the
Barha lde  p lu ton  nega t ive  8 O f rac t iona t ion  to
quar tz  which may be  also caused by  exchange w i th
fo rmat ion  wate rs .  Thus ,  the re  i s  ev idence  fo r
mix ing  o f  waters  of  d i f f e ren t  o r ig in  in  the upper
in t rus ion  l eve l  o f  the two mica  g ran i tes .
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F ig . :  1 S 8 O h is togram o f  m inera ls  f rom SE-
Schwarzwa ld  g ran i tes .  (Symbols ;  GBH open ,  GSCH
pa in ted ,  GA crossed,  GSB f i l l ed . )

dep le ted  b io t i t e  has  a S ®O va lue  as  low  as
- O .4A* .  Th is  d isequ i l ib r ium pa t te rns  can  be  ex -
p la ined  by  isotope exchange in  an open system a t
tempera tures  lower  than  600*C  and  d i f f e ren t
water /rock ra t ios .
In  te rms  o f  t e rnary  fe ldspar  thermomet ry  tem-
pera tu res  be tween  250*  and  350*C  fo r  two  mica
gran i tes  and be tween  400 '  and  55O’C  fo r  b io t i t e
gran i tes  were ca lcu la ted .  F lu id  inc lus ion  thermo-
met ry  y ie lds  severa l  maxima in  a broad spect rum
of  homogeniza t ion  tempera tures  (no t  cor rec ted  for
pressure ) .  One maximum be tween  250*  and  290*C
occurs  in  two  mica  g ran i tes .  Such  tempera tures
are  ra re  in  b io t i t e  g ran i tes .  Tempera tures  be t -
ween 220*  and 39O*C a re  ve ry  abundant  in  bo th
types o f  g ran i te« .  Thus ,  d i f f e ren t  even ts  o f
hydro therma l  ac t i v i t y  a t  d i f f e ren t  subso l idus
tempera tures  a re  supposed  to  be  invo lved  in
f luid/rock in te rac t ion .

Secondary aqueous f lu id  inc lus ions  in  quar t z  are
very  abundant  th roughout  the  g ran i t i c  rocks  o f
the  SE-Schwarzwa ld .  They  a re  low  in  sa l in i ty
(<10% NaC1 eou iva l  ’ and  h * ve homogeniza t ion  tem-
pera tu res  be tween  200*  and  450*C .  Inc reas ing
average homogenizat ion  tempera tures  a re  d i rec t l y
l inked  w i th  the degree o f  isotope deplet ion as  i t
i s  shown in  f igure  3 for b io t i t es  and to  a lesser
degree  fo r  quar t z .  Lower  tempera tures  a re  con-
s is ten t  w i th  h igh  va lues  o f  b io t i t e  in  the
two mica  g ran i tes .  Para l l e l  to  a decreas ing  homo-
gen iza t ion  tempera ture  an  increase in  Sa l t  con-

Wi th  respec t  to  hydroyen ,  who le  rock ,  b io -
t i te /ch lor  i t e ,  muscov l te /se r ic i  t e  and  f lu id  in -
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