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Abstract--Highly tectonized contact between serpentinite and younger pegmatite in the magnesite mine 
of Wiry contains various layer silicates. Vermiculite, chlorite, smectite, and interstratified mica-vermiculite 
were recognized by means of routine XRD examination. Two three component interstratifications of 
mica-vermiculite-chlorite and chlorite-swelling cblorite-smectite were identified by a combined procedure 
of deconvolution of the XRD patterns and simulation of XRD tracings. A mineral with large diffraction 
maxima, displaying "chlorite intergrade" characteristics, appeared to be a mixture of chlorite, mixed layer 
chlorite-smectite, and vermiculite. Polytypes of phyllosilicates were determined by the X-ray transmission 
method. Due to the heritage of parent mineral polytype structure by transitional products of alteration, 
two distinct sequences of layer silicates were observed: one formed from trioctahedral mica (vermiculite, 
mixed layer mica-vermiculite); and one evolved from chlorite (e.g., mixed layer chlorite-swelling chlorite- 
smectite). A tentative scheme of the primary contact zone structure, not obscured by subsequent brittle 
tectonics either by transformation of layer silicates, is proposed. 

Key Words--Chlorite, Intergrade, Mica, SEM, Serpentinite/pegmatite contact, Three component inter- 
stratified minerals, Vermiculite, Weathering, X-ray powder. 

I N T R O D U C T I O N  

Occurrences of  layer silicate assemblages in altered 
rocks are often linked with transformation processes 
responsible for the formation of  transitional phases and 
secondary layer silicates, which develop due to gradual 
changes in the interlayer of  a parent mineral (Nagasawa 
et al., 1974; Noack and Colin, 1986; Proust et al., 1986; 
Beaufort, 1987; de Kimpe et aL, 1987; Buurman et al., 
1988). Similar sequences of  layer silicates were ob- 
tained during experimental alteration studies (e.g., Rich, 
1968; Hoda and Hood, 1972; Ross and Kodama, 1974, 
1976). 

Layer silicates from contacts of  granitic veins with 
serpentinite seem to be suitable material to check the 
reliability of  the transformation sequences. Granite/  
serpentinite contact zones include at least three sepa- 
rate sectors: mica-rich, chlorite-rich, and talc-rich 
(Curtis and Brown, 1969). Each forms at the expense 
of  the ultrabasic rock (Lvova and Dyakonov, 1973). 
The alteration products may be considered as formed 
from different parent minerals, or as formed due to 
direct precipitation from a solution. 

EXPERIMENTAL MATERIALS A N D  METHODS 

Geological  se t t ing 

The magnesite mine of  Wiry is located 50 km south- 
west of  Wrockaw (Lower Silesia, Poland) in the western 
part of  the Jordan6w-Gogo~6w serpentinite massif 
(about 350 Ma according to Pin et al., 1989) close to 
the younger Strzegom-Sob6tka Variscan granite massif 
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(about 280 Ma, Pin et al., 1989) (Figure 1). The mag- 
nesite is believed to be younger than the granite; how- 
ever, its absolute age is unknown (Gajewski, 1970). 
Scarce slip surfaces suggest magnesite formation before 
the youngest brittle tectonics episode (Alpine?). Details 
on geology of  the region are given by Majerowicz (1972, 
1981) and Gajewski (1970). 

The rocks from Wiry are characterized by their di- 
versity and the apparently chaotic distribution of  min- 
eral assemblages (Figure 2). The main associations dis- 
tinguished after careful examination of  five contact 
zones are: 

1) Serpentinites, usually with overgrowths of  mono- 
clinic colourless amphibole and dissected by a net- 
work of  magnesite veinlets; 

2) Pegmatite veins often dismembered by tectonic 
events into separate blocks; 

3) Rocks rich in layer silicates (trioctahedral micas, 
chlorites, vermiculite, etc., exclusively of  serpen- 
tines); 

4) Veins of  massive magnesite, partly dismembered 
as above; 

5) Sheared veins of  chlorite _+ talc _+ monoclinic am- 
phibole cutting the serpentinite; and 

6) A patchwork of  veins, veinlets, and patches of  se- 
piolite, smectite, and silica minerals. 

Several episodes of  brittle deformation dismem- 
bered an initial sequence ofmetasomat ic  zones formed 
between the serpentinite and the leucocratic rock in 
Wiry, creating a mosaic structure (Figure 2). The in- 
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Figure 1. Simplified geological sketch map of the western and central part of Jordan6w-Gogol6w serpentinite massif, after 
Majerowicz ( 1981). 

fluence of brittle tectonics was also recorded in thin 
sections of the rocks (Figure 3a). This paper focuses on 
the layer silicates that occur in the tectonized veins 
adjacent to the pegmatites (Group 3) and to veins rich 
in chlorite cutting the serpentinite (Group 5). 

Samples 

After macroscopic and thin section study and pre- 
liminary XRD examination of about 40 samples col- 
lected in the field, 11 samples were selected for the 
detailed study. Hand specimens are soft, friable, and 
usually fine-grained. However, well-pronounced schis- 
tosity, inherited from parent rock, is still easily distin- 
guishable. Samples usually contain an admixture of 
flakes up to 2 mm in diameter (micas, black or grey; 
vermiculite, brown; chlorite, green; and talc, silver to 
white) as well as white or grey amphibole-rich frag- 
ments. Pegmatites are highly fractured, with schist frag- 
ments filling the fissures. Pockets ofapatite prisms up 
to 1 cm in diameter, magnesite spots, and veinlets are 
commonly found. 

Analytical methods 

SEM. SEM observations were made with a Jeol-JSM- 
840A electron microscope equipped with an energy 
dispersive X-ray detector allowing qualitative chemi- 
cal analysis. Fresh samples as well as specimens after 
ultrasonic treatment were used in the study. 

XRD.The routine identification of layer silicates was 
performed on oriented specimens using a DRON-2A 
diffractometer and CoKa radiation. Samples were sat- 
urated with Na +, K + , and Mg 2+ -ions, heated and treat- 
ed with ethylene glycol and glycerol (both liquid). Some 
oriented preparations were heated on a homemade 

thermal stage, and their X-ray tracings were recorded 
at a temperature of 200~ using the Sigma 2070 re- 
flection diffractometer made by CGR. These tracings, 
as well as transmission ones, were collected using the 
DRX program (a simple program for collecting and 
evaluation of X-ray diffraction data, Vila et al., 1988). 

Deconvolution of the overlapped diffraction bands 
was performed by means of the NICEFIT program 
assuming Gaussian peak profiles. M~ring's (1949) 
diagrams modified by Drits and Sakharow (1976) were 
used to estimate component concentrations in the 
interstrat if ied structures,  and Reynolds '  (1985) 
NEWMOD 2 program was used to simulate XRD di- 
agrams for the estimated layer ratios of interstratified 
phases. 

RESULTS 

SEM study 

The SEM observations enabled two groups of sam- 
ples to be distinguished: 

1) Samples containing large and rather fresh flakes of 
chlorite that often resisted disaggregation by the 
ultrasonic treatment (Figure 4A). Taking into ac- 
count results of the XRD and qualitative EDX anal- 
ysis, these flakes were tentatively identified as Mg- 
rich trioctahedral mica (flakes rich in K, Mg, A1), 
Mg-vermiculite, and/or Mg-chlorite (flakes rich in 
Mg and A1), 

2) Samples consisting oflarge flakes almost completely 
covered by spongy coatings (Figure 4B). Ultra- 
sonically cleaned samples contained fresh K-free 
flakes (Figure 5, vermiculite); other flakes with blis- 
tered surfaces, rich in Mg and K (Figure 5, trioc- 
tahedral micas); and relics of spongy coatings in 
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Figure 3. Highly tectonized albite (Ab) pegmatite, with chlo- 
rite (Ch) contact schist displaced into the pegmatite fracture, 
sketch after thin section, sample Wil06 (contact zone not 
shown in Figure 2). 

Figure 2. Geological sketch of pegmatite/serpentinite ex- 
emplary contacts in mine of Wiry: I = natural occurrence 
(schematic drawings of  the mine side walls); II = reconstruc- 
tion of  the primary contact zone structure. Shapes of real 
samples (I) were fitted into the hypothetical zones from II 
(without brittle tectonic influence). 1 = pegmatite; 2 = ser- 
pentinite; 3 = magnesite; 4 = talc zone (hypothetical); 5 = 
rocks rich in vermiculite produced due to the trioctahedral 
mica alteration (+chlorite, +talc, ___interstratified mica-ver- 
miculite,  +mica ,  +smect i te ,  +monoc l in ic  amphibole,  
+magnesite); 5A = sample W4; 5B = samples W3 (left on I) 
and Wl (right on I); 5C = sample W7; 5D = sample W6. In 
the mica zone, 6A = real sample W2 and 6B = hypothetical. 
In the chlorite zone, 7A = real sample W9 and 7B = hypo- 
thetical. 

fissures (Figure 4C and smect i te  spectrum on Figure 
5) with a chemical  compos i t ion  s imilar  to those in 
the fresh samples  (Figure 4C). 

Magnesi te  veinlets  and coatings consist ing o f  small  
rhombohedra l  crystals (Figure 4D) were ubiqui tous.  
Veins o f  a lmond-shaped  calcite were also present. The  
carbonates  seem to have  fo rmed  after the large flakes. 

X-ray characteristics 

The  layer silicates, mica,  smecti te ,  vermicul i te ,  chlo- 
rite, talc, and serpent ine wi th  mino r  admixtures  o f  a 
monoc l in ic  amphibole ,  feldspars, magnesite,  quartz,  
and calcite were identified. S o m e  samples  rich in ver-  
micul i te  (the vermicul i te  was identified according to 
cri teria established by Brindley,  1966, and de la Calle 

and Suquet,  1988) conta ined  quasi-regularly interstra- 
tiffed mica-vermicul i te .  The  mixed- layer  minera l  d id  
not  expand after Mg 2+ and l iquid glycerol t reatment ;  
whereas,  after heat ing o f  the K+-sample  at 500~ the 
contracted 10 A structure was produced  (Figure 6). The  
compu ted  X-ray pat tern (Figure 7), agreed with the 
visual  es t imat ion  (using M6ring 's  1949 diagram) o f  
40% mica  layers and 60% vermicu l i t e  layers (Figure 
5). 

Figure 6 shows X-ray tracings o f  a minera l  that  can 
be tenta t ively  identified as quasi-regularly interstrat i-  
fled mica-vermicul i te .  Cv  o f  the ethylene glycol t reated 
sample  equal  to 1.69 is too  high for regular interstrat-  
ification (as defined by Bailey, 1982). The  minera l  ex- 
a m i n e d  at 200~ in the heat ing stage moun ted  on the 
gon iomete r  d id  not  appear  to be fully contracted (Fig- 
ure 8). Peak posi t ions were obta ined  by deconvo lu t ion  
o f  large exper imenta l  diffraction m a x i m a  (Figures 9a 
and 913). The  incomple te  contract ion dur ing heating, 
as well as irrat ional  series o f  the diffraction max ima ,  
p roved  that  the mixed- layer  minera l  contains  inter- 
stratified, non-cont rac ted  14 A-layers.  The  content  o f  
14 A-layers was est imated at 25% using M&ing ' s  (1949) 

d iagram modif ied  by Drits  and Sakharov  (1976). The  
same v o l u m e  for 14 A layers was obta ined  by means  
o f  the m e t h o d  descr ibed by Jonas  and Brown (1959). 
Thus,  the interstratified minera l  during heat ing still 
con ta ined  about  25% o f  14 A layers, which were un- 
doubtedly  chlorite.  

Calculated d iagrams s imilar  to the exper imenta l  
X-ray  tracings o f  the minera l  were prepared.  The  best 
agreement  was obta ined  using the chemical  compos i -  
t ion o f  vermicul i te  from similar geological occurrence 
in Jo rdan6w (within the Jordan6w-Gogo~6w serpen- 
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Figure 4. A) Fresh flakes of chlorite in sample W8 after ultrasonic treatment (UST), SEM; B) spongy coatings ofa  smectite 
covering large flakes of vermiculite, SEM, sample W3; C) blistering mica surface (1), large and fresh flake of vermiculite (2) 
and relic spongy aggregates of smectitc (3), sample WI after UST, SEM; D) rhomboidal small magnesite crystal in between 
large mica flakes, sample Wi5D after UST, SEM. Bar on SEM photographs represents 5 #m. 

tinite massif) according to (Dubifiska and Szafranek, 
1990): 

(Mg2.41Feo.aiAlo.37Nio.o2Cro.o2Tio.ol)(Al,.osSie.gs)Olo(OH)2 

and 40/60 vermiculi te/mica ratio (Figure 10). The lay- 
er ratio in the interstratification was deduced to be: 

1) ethylene glycol 
1 4 k - -  40% (vermiculite + chlorite) 
10k - -  60% (mica) 

2) heating 14A--25% (chlorite) 
10A--75% (mica + vermiculite) 

These data suggest that the interstratified mineral 
contains 25% 14 A layers resistant to contraction (chlo- 
rite layers), 60% 10 k layers of  mica, and 15% layers 
that preserve a 14 k structure after glycol saturation 
and contract during heating (vermiculite layers). 

The procedure described above was applied to an- 
other three-component interstratified mineral (Figure 
11). The K-saturated mineral (reflections 13.4 A, 7.76 

A, 4.48 k ,  and 3.53 k )  displayed characteristics of  
irregularly interstratified 14 k layers (75%) and 10 k 
layers (25%). After liquid ethylene glycol treatment 
(16.39 k ,  7.65 A, 4.93 k ,  3.53 k ,  and 2.82 k) ,  it 
contained about 40% 14 k layers and about 60% ex- 
panded layers. Thus. the contents of  layers of  the in- 
terstratified mineral are: 

1) ethylene glycol 
14A--40% (chlorite) 
10A-- 60% (smectite, swelling chlorite) 

2) heating 
14k- -25% (chlorite, swelling chlorite) 
l 0A-- 75% (smectite) 

Vermiculite layers were el iminated from consider- 
at ion to avoid any confusion. The above interpretation 
is tentative because of  the l ikelihood of  incomplete 
saturation of  the mineral with K + ions and of  a con- 
traction o f  flakes at their edges that may have prevented 
the expulsion o f  water molecules from the interlayer. 

An intergradient mineral was identified as a major 

https://doi.org/10.1346/CCMN.1993.0410607 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1993.0410607


Vol. 41, No. 6, 1993 

A[ M~ 
I1 K 

A 

Layer silicates from serpentinite-pegmatite contact 697 

12.88 

Ca Fe 
, Fe Au 

mica (1 on Figure 2 d ) 

B 

vermicutite (2 on Figure 2d ) 

C 

smectite (3 on Figure 2d ) 
5,340 keV 

Figure 5. Energy dispersive X-ray spectra: A) blistering sur- 
faces of mica, B) fresh flakes of vermiculite, C) relic smectite 
coatings in fissure (sample W1 after UST). Au = covering 
medium. 

c o m p o n e n t  o f  sample  W9 (Figure 12). It did no t  com-  
pletely contract  after heating o f  K+-saturated prepara-  
tion. X R D  pat terns o f  the natural and Mg2+-saturated 
p repara t ions  d isplayed vermicul i te- l ike  characterist ics ,  

K, 500 ~ 

Mg. gtycero[ 

Mg, r.t. 

Z.w0 ......... 3~ 3'0 215 20 1~ -1~- 5" 28CoKc~ 
Figure 6. X-ray reflection tracings of sample W4 (4-16 #m): 
Ch = chlorite, M = mica, M-V = interstratified mica-ver- 
miculite, T = talc, V = vermiculite, r.t. = room temperature. 
d-values were determined by deconvolution of experimental 
pattern. Some of them are almost hidden at first glance; their 
real position often differs from maxima at the tracings. 

3.50 

2.04 2.73 a.u,~ / 4.89 8. 
.~ ~ /~, 

60 40 ' 20 

~ Co Ks  

Figure 7. Calculated diffractometer pattern (CoKa) of in- 
terstratified trioctahedral (two water layer) Mg vermiculite 
(0.6)-trioctahedral mica (0.4) symmetrical distribution of iron. 
R = 1; d-values correspond to those on 6 (the lower pattern). 

but  the relat ive intensi t ies  o f  basal  reflections were not  
typical  for vermicul i te  (e.g., in tensi ty  o f  005 reflection 
was too  low). Satura t ion wi th  e thylene  glycol p ro d u ced  
railings o f  a symmet r i ca l  X-ray  reflections. It is tenta-  
t ively ident i f ied as a mixture  o f  more  than  two layer 
silicates. The general  s tatus o f  in tergradient  minera ls  

ML 
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I ML ML, ML 
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I-IL.' /*,92 I~ 

26,7 
I 

~4,22 
a i r -dr ied 

5'0 40 30 20 10 ~ 
Figure 8. X-ray diffractograms of  sample 3-W, reflection 
method: I = intergrade, ML = mixed layer. For other expla- 
nation, see Figure 6. 
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Figure 9. Deconvolution of large diffraction maxima (Fig- 
ure 6, pattern of sample heated at 200~ in the ranges): A) 
7~ 1 ~ 2#, B) 28~ ~ 2& Squares = experimental points, 
F = K-feldspar, I = intergrade, M = mica, ML = mixed layer, 
T = talc. 

a n d  the i r  re la t ion  to mixed - l aye r  ch lor i t e - smect i t e ,  
ch lo r i t e -ve rmicu l i t e ,  a n d  swell ing ch lor i te  is still ob -  
scure (Bailey, 1975; Barnhise l ,  1977; Reynolds ,  1988). 

T h e  large X- ray  di f f rac t ion m a x i m a  asc r ibed  to the  

vML / 
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3 T 
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Figure l 1. X- ray reflection tracings o f  sample W7 (~b < 0.5 
#m), oriented aggregates, positions of overlapped peaks were 
determined by deconvolution of experimental pattern (some 
of them are almost completely hidden at first glance). ML = 
tri-component interstratified mineral chlorite (0.4)-swelling 
chlorite (0.35)-smectite (0.25). For explanation see text. 

i n t e rg rade  s t ruc tu re  were  d e c o n v o l u t e d  by  m e a n s  o f  
the  N I C E F I T  p rogram.  X - r a y  pa t t e rns  o f  the  K-sa tu r -  
a t ed  a n d  hea t ed  as well  as e thy lene  glycol t r ea ted  s am-  
pies, were used for the  fitting. T h e  pa t t e rn  can  be in-  
t e rp re ted  as due  to the  m i x t u r e  o f  chlor i te ,  ve rmicu l i t e ,  
a n d  i r regular ly  in te rs t ra t i f ied  ch lor i te  (55%) / smec t i t e  
(45%) (Figure 12). 

T h e  samples  wi th  spongy  coat ings  o b s e r v e d  in SEM 
(Figure 48 )  con t a in  s ignif icant  a m o u n t s  o f  a smec t i t e  
in  the  f ine-gra ined  fract ions .  M o r e o v e r ,  the  s amples  

12.12 f:h 
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2.03 2.70 3.07 A 4 . 9 1  8., 
' L _  

. . . . . .  ~ ~ ~ _ _ ~  ~ ~ , _ 

60 40 20 0 
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Figure 10. Calculated diffractometer pattern of  interstrati- 
fled trioctahedral mica (0.6)-trioctahedral Mg vermiculite (0.4). 
R = I .  

K 500 ~ 

Kr . t .  

Mg, gtycerot 

air-dried 
s 

40 3'5 30 2'5 20 15 10 5o28 CoKoc 

Figure 12. X-ray reflection tracings of sample W9 (4) < 0.5 
/~m), oriented aggregates. ML = irregularly interstratified chlo- 
rite (0.55)-smectite (0.45); Se = serpentine. 
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Figure 13. X-ray transmission patterns of the studied sam- 
ples; u = 90 ~ V = vermiculite 2Ma-VIl-meso, Ph = phlogo- 
pite-like structure [1MA-I (3TA-IV)] produced after heating 
of K + saturated sample (e.g., W4 K 500~ or natural phlog- 
opite from Wiry (Wi4B); Ch = chlorite (subfamily C); indices 
after Bailey (1980); unspecified maxima represent (001) re- 
flections. 

highly evolved products of  trioctahedral mica alter- 
ation were found (Wiewi6ra and Dubifiska, 1987; Du- 
biflska and Wiewi6ra, 1988). Minerals from Wiry (mica, 
mixed-layer mica-vermiculite,  etc.) seem to represent 
an earlier stage of  alteration and are more typical for 
low-temperature alteration (e.g., Lvova and Dyako- 
nov, 1973) of  trioctahedral micas. 

Three-component  interstratified minerals, vermic- 
ulite, and "intergradient" chlorite-vermiculite have 
preserved the structural characteristics o f  their parent 
minerals, i.e., vermiculite and mixed-layer minerals 
with mica layers readily regenerated phlogopite struc- 
tures; whereas, "intergradient" minerals preserved 
chlorite structure. Samples rich in these altered min- 
erals usually display well developed schistosity; hence, 
the major  phyllosilicate evolution proceeded by trans- 
formation rather than by precipitation of  newly formed 
minerals. A summary of  the transformation of  mica 
and/or  chlorite in the Wiry area is shown in the sche- 
matic diagram of  Figure 14. 

Quasi-regularly interstratified mica-vermiculi te  was 
formed directly from phlogopite. Later chlorization of  
some vermiculit ic layers produced a mica/vermicul i te /  
chlorite mixed-layer mineral.  Direct formation of  chlo- 
rite from mica layer might also be possible (Nagasawa 
et al., 1974; De Kimpe  et al., 1987). 

The origin of  the three component  smectite/chlorite/  
swelling chlorite seems to be more complicated. There 
are at least two alternative possible ways o f  its for- 
mation: 

initially rich in smeetite became almost smectite-free 
after ultrasonic treatment.  These observations indicate 
that smectite was the dominant  component  of  the coat- 
ings. The smectite was also found in mica-rich samples 
that  did  not  contain vermiculite.  

The following polytypes were identified by means of  
the oblique texture X-ray method (Wiewi6ra and Weiss, 
1985; Weiss and Wiewi6ra, 1986): 1) mica- 1MA-I (3T/,- 
IV), 2) vermiculi te 2M~-VII-meso (Ia according to 
Bailey's (1980) notation, and 3) chlorite and some "in- 
tergradient" chlori te-vermiculi te-subfamily C (IIb af- 
ter Bailey, 1980). The K+-saturated vermiculites and 
interstratified minerals containing mica layers resem- 
ble phlogopite-like structure [1MA-I (3TA-IV)] (Figure 
13). 

REMARKS ON THE O R I G I N  

Sequence o f  layer silicate formation 

Experimental studies o f  trioctahedral micas suggest 
that polytype analysis can be applied to determine the 
parent structure of  micas completely altered and 
evolved into vermiculite (de la Calle et al., 1976). The 
polytype analysis was also applied to determine the 
parent mineral in altered serpentinite-granite contacts 
in Szklary and Jordan6w in Lower Silesia, where only 

1) Transformation of  chlorite resulted in the devel- 
opment  o f  mixed-layer chlorite/smectite,  which is 
the substantial component  of" in tergradient"  sam- 
ples. Exchange of  interlayer cations of  smectite for 
hydroxide pillows produced the swelling chlorite 
layers. 

2) The mineral  evolved from vermiculite. The swell- 
ing chlorite layer can be attr ibuted to a transitional 
stage of  chloritization. 

Both pathways for layer silicate transformation were 
observed in experimental  alteration (e.g., Rich, 1968; 
Ross, 1975; de la Calle et aL, 1976) as well as in natural 
soils and altered rocks (Shimoda, 1970; Brindley and 
Souza, 1975; Proust et aL,, 1986; Inoue, 1987; Buur- 
man et aL, 1988; Inoue and Utada,  1991). 

The magnesite at Wiry precipitated from solutions 
of  meteoric origin containing biogenic carbon (J~dry- 
sek and Halas, 1990). The same solutions are presum- 
ably responsible for formation of  the smectite at Wiry. 

Variation o f  the mineral assemblages in Wiry is 
probably a result of  local equil ibrium conditions as 
well as variations in solution composit ion during pro- 
longed Tertiary weathering (by analogy with other sim- 
ilar occurrences in Lower Silesia region, e.g., Ni~kie- 
wicz, 1967). They were probably preceded by an older 
hydrothermal  activity. 
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' 
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LAYER SILICATES EVOLUTION 
Figure 14. Schematic diagram of the layer silicates evolution sequences in the Wiry mine. 

Evolution o f  the contact zone 

The assemblage of  layer silicates hitherto described 
evolved from two main parent minerals, mica and 
chlorite (both trioctahedral). Talc was also found; how- 
ever, it has persisted unaltered to the present. Thus, 
the set of  layer silicates is typical for low temperature 
contact zones between leucocratic rock (e.g., granite) 
and serpentinite, irrespective o f  their relative ages (Bas- 
set, 1963; Curtis and Brown, 1969; Sanford, 1982). 

Results of  field studies (typical zonation) were used 
for reconstruction of  the initial contact zone structure 
in Wiry, i.e., without distortion due to brittle tectonics 
(Figure 1) and clearly aided in the interpretation of  the 
alteration sequence. I f  the distortion had been ignored, 
the different mineral assemblages could have been im- 
properly explained, e.g., as products of  local equilib- 
rium variations. 
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