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Combined microthermometric and geol>a
rOllletric result~ (black area), lurked
in the p/T-diagralll of KlEEMANN (1986).
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Correlation with the results of the fluid
Inclusion studies at Gllttlngen UniverSity

Two generations of flUid Inclusions have been
Identified, small Quartz velnlets have
homogenization temperatures of about 230·C
(REUTEL 1987, pers, com.l. The flUid Inclu
sions are NaCI-domlnated, of low salinities,
The formation temoeratures \<jere determined
us lng the pIT-d Iagram for the H20-SVS tem
(FISHER, 1976), Considering the sphalerite
pressure estimate of 2 to 3 kb the homogeniza
tion temperature of 230·C Is adjusted to a
formation temperature of 3S0·C - 42S·C (Fig,S)
for Quartz velnlets. This corresoonds Illth the
results derived from sulfide geobarometry and
geothermometry,
The combination of mlcrothermometrlc and geo
barometric results suggest a oostmetamorphlc
mineralization with formation oressures and
formation temperatures of the dlapthoreses In
the p/T-dlagram (Fig, 6) of KLEEtlANN (1986).

Fig. S: PIT-diagram after FISHER (1976) for
the pure Hio-system. Pressure estilPlate
from spha erlte geol>arol1etry i~ used
for pressure correction of the l30·C
~omogenization temperature of coul5t.
Lng QUdrtZ.
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The two-phase chalcopyrite-pyrrhotite Inclu
sions In pyrl te are also oresent In the B-2
hole ffSchbnmatt"/Schwarzwald from 171,60 m to
2:52.90 m. The mineralization occurs dlssp.ml
nated In anatectic paragnelsses. Peal( meta
moroh Ic cond Itlon for th Is oaragenes I s prob
ablv has also been above 334·C ../- 17°(,
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Minerai chemistry

Electron microprobe analysis of sohalerlte
shows homogeneous Fe-d Istr Ibut Ion In most
SPhalerite grains, Sohalerlte Of the oaragene
sis C contains 16,77 to 17.54 mole-l FeS,
These values were used for the estimation of
the formation pressure (Fig. 4).
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'ig. 3: Ph~se relHion~ in the Cu-'e-S-systell
at 3S0°C and 30aoC ~fter SUGAKI et al.
(197S) .

CONCLUSIONS

According to data of SUGAKI et al. (1975) the
Inclusions of coexisting chalcopvrlte and
pyrrhot I te can lie used for an est lmate of the
formation temoerature. In the Cu-Fe-S-svstem
above 3S0·C and 1 l<b oyrlte coexists with an
ISS (Intermer1late Solid Solution). This meta
stable phase segregates beloll 334°C +/- 17·C
to form pvrrhotl te and chalcooyrlte (Fig. 3),
After HUTCHISON g SCOTT (1981), a shift to a
temoerature between 3S3~C and 400·C appears at
5 kb. The two-phase Inclusions of chalcopvrlte
and pyrrhotite Imply that the enclosing rocl<
has been heated to at least thP.se temoera
tures. After KISSIN and SCOTT (1982l oyrrhO
tlte has a hexagonal structure above 2SljoC.
In case oyrrhOtite still shows thiS structure,
an estimate of the formation oressure Is oos
Sible (sohalerlte geobarometer; HUTCHISON g
SCOTT, 1981; SCOTT, 1983l.
Sphalerite coexlstlno with pyrrhOtite (oarage
nesls Cl contains 15,77 to 17.54 mole-X FeS.
The formula deduced from experimental data

p(kb) ·42,3 - 32.1 109 mole-X FeS
v.elds formation pressure for ,;ohalerlte of
2,3-3 I<b (Fig. 4).
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Paragenesis A: Sphalerite InclUsions In ovrlte
Paragenesis I!; Two-phase sphalerl te-chalco

pyrite Inclusions In ovrlte
Paragenesis (; Tllo-phase sphalerite-pyrrhotite

Incluslons In pvrlte (Fla. 2>
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The oaragenesls A and B oredomln<'lte. I)nly oc!
ra'lenesls L whiCh IS less abundant. can he
usell for geobarometric Interoretatlon,

METHODS

Ail cores have been carefully examined for
macroscopically visible sulfide and/or oxide
mineralization. Representative samples of dif
ferent mineralization and/or Ilthologlt::1'l1
units occurlng have been taken. Polished sec
tions have been subject to oaragenetlc studlps
and electron microprobe analysis, Only for se
lected sui fide assemblages the formation con
ditions were deduced from phase dlaorams de
rived from experimental data (e.g. SUGAKI et
aI., 1975; HUTCHISON g SCOTT, 19811.

RESULTS

Paragenes Is

In the metavolcanic seQuence small oyrlte
lodes have been observed between 167,40 to
169.72 m, The subhedral to euhedral oyrlte
grains contain Inclusions of chalcopvrlte,
oyrrhotl te and galena. Chalcopyrite and
oyrrhot I te occur as separate and as two-phase
Inclusions (Fig, 1). At a deoth of 169.72 m
a number of different size sohalerlte Inclu
sions In oyrite helve been Identified, Here
spha ler! te occursin three different
associations:

G. Friedrich, S, van Delden, D. Jutl,
S. Keyssner, M. Kotnllc J. H. Vagt (Aachen)

The objective of this stuay Is to determine
the p-T-x conditions durlnll formatIon of sul
fides, oxides and certain sl J lcate minerals.
In a later phase It Is Intended to compare the
observed data of the mIneral chemIstry with
experimental data abundant In literature. Here
we report the results of the InvestigatIon of
selected sulfIdes.
In the KTB target area Oberofalz numerous
mineral deposits are known. They are assocI
ated wI th the suture zone between Saxothurln·
T~~umf~r1o:?~ga7~~~~~Tg~i~~~~d2~~~r c~~~I~J' out
on samples of the geothermal \<lell "NeusorCl",
Oberpfalz.
The S<lmoles aCQuired In this drllilng consist
of met<lvolcanlcs (dOlln to 176 m), follolled by
phyllites {untll termination of the hole <It
301 ml. These Iitholooical units are tyelcal
Saxothurlnglan R-tectonltes of the Flchtel-

V~~lr~~hllarzllald samples mentioned below have
been obtained from anatectic earagnelsses of
B-2 hole (USchOnmatt~).
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Fig. I: r"o-phase pyrrhotite (po) and chalco
pyrite (cp) inclusions in pyrite (py).
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Corre la t ion  w i t h  the resu l t s  o f  the f l u i d
inc lus ion  studies a t  Göttingen Univers i ty

Two generations o f  f l u i d  inc lusions have been
iden t i f i ed .  Small quartz ve ln le ts  have
homogenization temperatures o f  about 230’C
(REUTEL, 1987, pe rs .  com.).  The f l u i d  I nc l u -
sions are NaCl -dominated, o f  low sa l i n i t i es .
The formation temperatures were determined
using the p/T-diagram for the HzO-svstem
(FISHER, 1976). Considering the sphaler i te
pressure est imate o f  2 to 3 kb the homogeniza-
t i on  temperature o f  230°C I s  adjusted to  a
formation temperature o f  35O°C - 425’C (F ig .  5)
for quartz ve in l e t s .  This corresoonds wi th  the
resu l t s  derived from su l f i de  geobarometry and
geothermometry.
The combination o f  mlcrothermometdc and geo-
barometric r esu l t s  suggest a oostmetamorphic
minera l i za t ion  w i t h  formation pressuresand
formation temperatures o f  the diapthoreses I n
the D/T-diagram (F ig ,  6) o f  KLEEMANN (1986).

Mineral chemistryG. F r ied r i ch ,  S. van Delden, D. Jutz,
S. Keyssner, M. Kotn ik ,  J .  H. Vogt (Aachen)

The ob jec t ive  o f  t h i s  study I s  to  determine
the p-T-x condi t ions dur ing formation o f  su l -
f i des ,  oxides and ce r t a i n  s i l i ca te  minerals.
I n  a l a t e r  phase i t  i s  intended to  compare the
observed data o f  the mineral chemistry w i th
experimental data abundant i n  l i t e ra tu re .  Here
we repor t  the resu l t s  o f  the Inves t iga t ion  o f
selected su l f i des .

I n  the KTB ta rge t  area Oberpfalz numerous
mineral deposits are known. They are associ -
ated w i th  the suture zone between Säxothurin-
gikum and Moidanubikum (Erbendorfer L i n i e ) .
The fo l lowing inves t iga t ions  were ca r r i ed  out
on samples o f  the geothermal wel l  "Neusora",
Oberpfalz.
The samples acquired i n  t h i s  d r i l l i ng  consis t
o f  metavolcanics (down t o  176 m), fol lowed by
phy l l i t es  ( un t i l  terminat ion o f  the hole a t
301 m). These l i t ho log i ca l  un i t s  are t yp i ca l
Saxothurlngian R- tec ton i tes  o f  the F i ch te l -
gebirge.
The Schwarzwald samples mentioned below have
been obtained from anatect ic  paragneisses of
B-2 hole ("Schönmatt*).

E lec t ron microprobe analys is  o f  soha le r i te
shows homogeneous Fe -d l s t r i bu t i on  i n  most
spha le r i t e  g ra ins .  Sohaler i te  o f  the oaragene-
s i s  C contains 16.77 to  17.54 mole-% FeS.
These values were used for the est imat ion of
the formation pressure (F ig .  4 ) .

Wt-% Fe
42-------2.6020

350  ’C

¥

t 20
40 Wt-% Cu  2060

METHODS

A l l  cores have been ca re fu l l y  examined for
macroscopically v i s i b l e  su l f i de  and/or oxide
minera l i za t ion .  Representative samples o f  d i f -
ferent  m inera l i za t ion  and/or l i t ho log i ca l
un i t s  occuring have been taken. Polished sec-
t i ons  have been subject to  paragenetlc studies
and e lec t ron  microprobe ana lys is .  Only for  se-
lec ted su l f i de  assemblages the formation con-
d i t i ons  were deduced from ohase diagrams de-
r i ved  from experimental data (e .g .  SUGAKI e t
a l . ,  1975: HUTCHISON & SCOTT, 1981).
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F ig .  3 :  Phase re l a t i ons  i n  t he  Cu -Fe -S -sys tem
a t  35O°C and 300°C a f t e r  SUGAKI e t  a l .
( 1975 ) .
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F ig .  5 :  P /T -d iag ram a f t e r  FISHER (1976 )  f o r
t he  pu re  H O-sys tem.  P ressu re  es t ima te
f rom spha le r i t e  geoba rome t r y  i s  used
fo r  p ressu re  co r rec t i on  o f  t he  230°C
homogen i za t i on  t empera tu re  o f  coex i s t -
i ng  qua r t z .

According t o  data o f  SUGAR I e t  a l .  (1975) the
inc lus ions o f  coex is t i ng  cha lcooyr l te  and
py r rho t i t e  can be used for  an estimate o f  the
formation temperature. I n  the Cu-Fe-S-system
above 350’C and 1 kb oy r i t e  coexists  w i th  an
ISS (Intermediate So l i d  So lu t ion) .  This meta-
s tab le  phase segregates below 334°C +/-  17’C
to  form ov r rho t i t e  and cha lcooyr l te  (F i g .  5 ) .
Af ter  HUTCHISON & SCOTT (1981), a Sh i f t  to a
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F ig .  1 ;  Two-phase py r rho t i t e  ( po )  and cha l co -
py r i t e  ( cp )  i nc l us i ons  i n  py r i t e  ( py ) . O

fo
.■5

o!  ---------.------------------ ------------------. — -
300  400  500  600  TfC]

RESULTS

Paragenesis

I n  the metavolcan i c  sequence small oy r i t e
lodes have been observed between 167,40 to
169.72 m. The subhedral to  euhedral oy r i t e
grains contain Inc lus ions o f  cha lcopyr i te ,
py r rho t i t e  and galena. Chalcopyri te and
py r rho t i t e  occur as seoarate and as two-Dhase
Inclusions (F ig ,  1 ) .  At a deoth o f  169.72 m
a number o f  d i f f e ren t  s ize soha le r i te  i nc l u -
sions I n  oy r i t e  have been i den t i f i ed .  Here
spha le r i te  occurs i n  three d i f f e ren t
associat ions:

Paragenesis A: Sohaler i te  Inc lus ions i n  ov r i t e
Paragenesis B: Two-phase sphaler i te -cha lco-

py r i t e  inc lus ions i n  oy r i t e
Paragenesis C: Two-ohase spha le r i t e -py r rho t i t e

inc lus ions  i n  oy r i t e  (F i g ,  2 )

temperature between 353’C and 400°C aooears a t
5 kb.  The two-Dhase Inc lus ions o f  cha lcooyr l te
and py r rho t i t e  imply that  the enclosing rock
has been heated t o  a t  least  these tempera-
tu res .  Af ter  KISSIN and SCOTT (1982) oyrrho-
t i t e  has a hexagonal s t ruc tu re  above 254°C.
I n  case py r rho t i t e  s t i l l  shows t h i s  s t ruc tu re ,
an est imate of  the formation pressure I s  Pos-
s i b l e  (spha le r i te  geobarometer; HUTCHISON $
SCOTT, 1981; SCOTT, 1983).
Sphaler i te  coex is t ing  w i t h  py r rho t i t e  (oarage-
nesis C) contains 16.77 to  17.54 mole-% FeS.
The formula deduced from experimental data

p(kb)  = 42.3 - 32.1 log  mole-% FeS
y ie lds  formation pressure fo r  soha le r i te  o f
2.3-3 kb (F ig .  4 ) .

F ig .  6 :  Combined m ic ro the rmomet r i c  and geoba -
rome t r i c  r esu l t s  ( b l ack  a rea ) ,  marked
in  t he  p /T -d iag ram o f  KLEEMANN (1986 ) .

The two-phase cha lcopy r i t e -py r rho t i t e  i nc l u -
sions i n  py r i t e  are a lso present i n  the B-2
hole "Schönmatt "/Schwarzwald from 171.60 m to
232,90 m. The m ine ra l i za t i on  occurs dissemi-
nated i n  anatect ic  paragneisses. Peak meta-
morphic cond i t i on  f o r  t h i s  paragenesis prob-
ably has a lso  been above 334°C +/- 17°C.
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The paragenesis A and B predominate, hn ly  oa-
ragenesis C, which i s  less abundant, can be
used fo r  geobarometr i c  i n t e rp re ta t i on .
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