GIAMPAOLO DE VECCHI and GIUSEPPE MEZZACASA

THE PENNINE BASEMENT AND COVER UNITS
IN THE MESULE GROUP
(SOUTH-WESTERN TAUERN WINDOW)

(" UNIVERSITA DEGL! STUDI |
)1 PADOVA |
| BIBLIOTECA DI GEOSCIENZE |
PADOVA
SOCIETA COOPERATIVA TIPOGRAFICA

| O K8 G







MEMORIE DI SCIENZI GEOLOGICHI

GIAMPAOLO DE VECCHI* and GI SEPPE MEZZACASA?

THE PENNINE BASEMENT AND COVER UNITS
IN THE MESULE GROUP*

(SOUTH-WESTERN TAUERN WINDOW )

D Ill_ | | Bl
I | ! 1 L
|
|
| 1 1 & flr
x‘“.': f
'] ] [ () |
| : !IE L 1o5d i
| BDASEMEINT AND | . ]
. : L L |
1 | i 1] b (N FISS ~
| f L™ | I ' | i i | | i it {
Mol Q@K RS N COVER H'Y
1] | ] i
:l.' -
; I p «w .
L 1] |
{ i 1%
{ | | | | r w K )]
| i %1 | i
[ { M |
| [ i |
\ 1 i I.i ""'\-1;| | 11 i
%1 ) |
" \ . [
1IN V1] |] 1"" 'n J g | i i ;
- I | | 1
{ | \ ||| |
I 1] | i L | L T 1 ™r i i i ¥
| k4 | . | ]
1 ! | | ] i
- ! | | | | ||r | | 11 i

CONDITIONS ON THE ALPINI '

! i F
s Pl FrN L RNk 8wy
I} ¥ 14 a [} ¥ ')

e
—
s
-
x
— - =
—
-
—
="
.
—

1 1 i
ol M 5 114 D | 1al re nships
etween rthe i | | fro e behavion |

% i r " i | | L rI I| | ||:. |
BSTRACT
Fa | |
\ . s | 1S y | | I [ 1) hy
] (1511 I!i | IVCT LA | }{I [ l [ 17
I { ' f I l .[ll [1OITIEN A [ el |
|1 g | L !rl"'. '1."' | | l.'r il N : | | i i il {
I vl | | | i -'r_[_!' [ [ { { [ | .
" [ I Lo | Bl geled G
i {1 | l|,|f Ly LE DAY LI |i[ '
1erivates 11 I‘HI-. |l i { i |'r|I 5
been col [ ted by geochemic result
". 1 | | : | | ! | | 5, B 1l &R I'l 1 % i { i 1 P | - |
Min ¢ Perr t dell'Universitd di - sing a microprobe we have systematically analysed
| i' | I i
SOIME minerals COmmaon 1in the ortno ..]:.:l'.'!.' 1IETIVATLES
{ [l | | { )y , \ { ) N L - I S—
. | r : ; J.’l:E":E::“..'.!l 5. darnets ana micas I!,; !!E[_E:L|.|!r||:!',,|!l
i i ¥ " N ] 3
i C. N R, (Cenr i Studio pet existing between some elements .\-11_.:;:!|'t_ PIESCIIL 1N
Orogeno delle Alpt Oriencali, PADOVA these minerals and in the whole rocks. shows that these




.,
|
b
'
W,
%
|
]
1
!
|
{
| 1
I
i '
'l
|
i
|
|
|
| i
| |
|
' i
1
| I - T
[ | |
| T I
¥ |
E -
i
1 ¥
|
I L
f i if s
. . B
'
' 1 I '
| | |
|
T I
1 . i
i
-| '-I [ r ¥
| J e ] i |
1

T T T
[ "

| . |
| 1 W1 E- T I

l

r [

i .I r . Ir
;
| - .
AU Al |1 |
| T ] 1 I II

" 1

e 1 |
5 | I L |
‘
=g
caIBLCLILE 1] [
111 I | il {
| ' 1 3 :
1 | ! !-r' "'!!I
1
[0 -I'}I.l.‘. Fret
-I "
- "% are i ks
1 |'.| 1 A% | ! 1§

[ i! 11 I 1¢ i 1 T i |
LCINPCTrature il cx

| 1 |
K F - " " I i
I
[ () 5 [ (T 1
|
| 1 | I I:} I f I
T i 1 r [
| h
k | | o 1| | f
rt Blad
|
1
1 j.:'-- I ;
S 1 ' N
' ¥ g - .
i |
i f 1 P 1 i
| 1 1 |
1
[ ’ ' 1
| | | | F
| i ] |
| 1 i WTEDR
LK
' i i
| 1 1 i i
WA T | (3]
| ; . :
I { i i " P& |
| 1 I i |
|
i | i T
| i i |
| i
| | | '
y i
i1 [
b 1= 1
| | | ¢ 1
1] i '
[} i T I
v ¥ F Tal=s L 1
E l o I i | | | T
i i B | P 1 i
- L 1} [ l [
" iy { | r Y
1L | L | V | |
i o P } " -
{ | |
1 | i I l: | | | 1
[ I 10 | 1 9 I 1
] P I l r i Fay ¥
{ LIL - | [ 1€ L
- 8l ' | | 8] |
¥ 1 1 ¥
| 1 i [
1 | L {
i =T, BT, v -i
! b ¥ | BR
LENIC ] CAd | I'TéE
1
1 1 [} 1 %1
i T (
-1
| ST INAIETNTI Ta F1
! i
1
: 1L} Il:_-\_.l I @ ] L T 'l | i
O S1gniricat Metamaort

amortismo. Sulla bas
] .?_ :Ir!|'.'|I I , | 1{ }
|
I- -
i8) ITd 1 LITIOAT L

1) OINICLT | L0
! 3 I €I %
L Lelll el's
S M|
= O

( D
i FTaaT 3 '

|
" " ; :
| 1 II
¥
| I 1
] T
{ «+ ¥
15 L] II. i-
h
¥ d i § ¥
I
| -
|
i
!
If..'
L
|
I ol | r I
|
|
F M |
I L1IE ]
|
L .
=i ™
' )
b i@
| |
i
'
| i | |
1 |
]
|
|
Hede
[} II -
K 1L R LK
50
1
| | { { il
F
I .
L 1] |
|
i i |
|
""Illlll!
|
1 -y !
'\- 1 1T1% | |
|
! III
| |
| 11 |
L L
i |
[ 15 (x| LY |
'

I
| % I 1]
T |
[ ] . i W [}
| | I LY
| I
f i | : 1 t £
1 I { I..:
LiesT
'|.|:r_ | f 1 I i |

| CLICI® {11t LT]
| |
| ; BIREERIN
| i Ll 1 |
. i
L] _l:l[' _I. | .ll"lr 1]}
1 antbibolt, « \urle
i i I | '|=I| 4 .1|;|I
1
ii; ST1 vValisrd LI

;' '-"il i'l!l 5 L 1
i
O superare 'hern

I
L%
i 1

—

i
I
1
'
fa |
l\-\"|
i
i
|
f
|
i
||||
y
1 1
L 1
|
f
L

p

=

1

'
an

%
'._I-
|
|
! |
i I
|

Lel LY i i

Wil el
[11CC ]

[1CiLT



the gneissic bodies in the crystalline basement had

| ' | few vears later did w e began '|J-L EtflIiL
] 1 {31 ] Ui L) | I 1 . 1 :
R ' | [ I |II {. | ,LI ':. ill [ |J J || | I | 1 {- ]I'! LFi 'l I, (' I"l' I'L ‘! i} [ { IJ'I I I 1 | ]I I| N |.|r 11 { ||:.

[ BERL | | | i 1 1€ [ L1IET 1 1".:\.{: :. A r'..l.
r- LEOLOGIH 1 1IN
'k Nnic complications. the abui
1 L1« | . | o any 1 111 = | v T ias ™ II. . 5 b | | 1 1 1 i 5
. Hrerent LY Peo 1l 281 -l-"-"l"’|'{- 1IN CNE TECTOnIC "-'-,f]'l'._'H‘-"n.'ll.T'.||['Eil.’li ].:!i!_"!.“wir!'l.{

Ll SCULTICLULIC |"~J.--‘.*-.I~.|.‘-j'“~rT PG ULies crop out wnich have been correlated

'|_J:

s &= e | =)
= S "
I‘_I Fr .I »

*

i & & T . (¥ (%)
#* H E!I N L L S
;" o,
i - -
*
i b 1185 "-"L||!|_ 3 T4
"
5 ¥
= =

6 'E'
-155 -.;':_]" ) . D
) o -
o . “"_t - o ™
| ¢ .2 893b
ST e /r 3N o 28 ! ) i -
’ o a00 12
NI — f'-.: kel 0T ;Jir‘ -Ft-‘-ii"ﬁ" 1A 15 I'::]- H‘-F-. g :

-0 780A 11O 2t E A 1 898 194 :
-_.l:l = _D_ |
‘ i| 780 0@® 2 =0=- ¥

{ ) 0s 1 1S Km

: T e L PERMO-CARBONIFEROUS O ORTHO-
: b LEUCOCRATIC GNEISSES(a)  [F | || 274 70 TRIASSIC COVER (a)
MELANDCRATIC GMEISSES (b |7 ] COUNTRY ROCK OF HERCYNIAN LALLCSCHIST COMPLEX '+' PARA-
BATHRN T f ]

i
M J I n (D)

-
.
‘ea

k=

Fic. 1 - Geologic sketch ot the Neves area with the location ot the studied samples







part of the lauern area, a massif which. in its furn.

'\-\.\,;r':q.l-l'l'."'h. .\..r Ii:. I.I"':|l||-_f[||‘|';|| '!||I[Lilil'{_{“\ f |l||| ril{

'.I“i.lt r | "l__:.ll' |::r;_l:.:.-_ 11 1i![ .lnl‘lill"“‘l l-:l,‘:";".?i'.l' -II_I:|.‘I-I

}|.5|-T!i7_5§'.: b EC, LI U1 .“'»t-;_ 'wi_.'iL E_'J'H':I":[!Ilmwt_i 1.\II==L |{.

1 . '
1K sV alLClLLlS O LICLCLIL r[|]l'u ISITION arte WIAEes

]! j IH||'|' COLICOIdant ”[|J [||1:
schistosity, even though clearly discordant dikes o

| ]lul | -EH Y | YT " {

| i vw CC 1) LI1C 1ldllitO) 10

1SSES, | ' | IDIE O reconstruct a succession

T magmarti phases which aerees with the one
I na | ) H' 1A ' | 111 TINE -JI'fLJu S ( !1i‘w5'~ OF | !:i

\urina Val (sabb d dioritic masses. together
wWith Di - LIKE swarms, precede the n

F'T11IS 1001 T O1ral 11()] ILES dI1d 1a1roe or :ifﬂ'u{ T ATLIIEES.
W NICH Are 10 \ 1 Dy 1nel L.’i{. :__‘It;[ll.v.i.lill'lfi'%
Hi i. ' 1 'i];_ 2.1 ~ AT [1]|CCLEC %I', AC 1O .|l;-i |“ttwi1 '1!LL£

: €171 t ns. In the Mesule area

i ' lC CO)) |"' ()] '.[i'IL._”

NITOIAS S [ 1] difrerent, orten contrasting.

II | 1] I|!|'i|,!||'. "|i J
I { | M L) i . 1 wecll

- ' 110 Orieinal OVETrS & rare
r I . | ! ; ['1¢ FrOUnda LHIEITIAbIEES
III ! | | l § ' I-.‘x, i | VAL EYLLS
| ] = | |
o . DSt e rieid NOW that Ci
{ 3 (i e 1 11| .f.L{|'|'1 WWILIN1T]
1 I &
| T ||IlII ||I | "‘-l"' r | 1 I‘y"lli
)y [ [ i : 1

| he radiometric ages of the granitic gneisses

¥ i
LIS L0880 L cresting problems which have } el
T L :- § i ¥ ¥ B 1
| | ! ] l ||I_ 1 1L | | __1 |i BE
1 - N
s | | i YT C )5 ()11 1€ |'| o | )i Y70

Maor210and 240 Ma. Such values were obrained by
;fn-!.|}"ﬁ l!nit [10 1S |:'.|-E|LH " r.'ru refore, are 1.'L'ii.!|':|L

inhtnlx'killf :[]ll':t%liH,F]rfliIH[_:hlfW YV|J?LH{TL?[;]t'[I[IH
scale used, the former assign a Late Carboniterous
d£8C 1O the 1ntruston, the latte: could 1ndicate a
[J{'T'I"'|TI.-WEIL.|;H- Recently, CLIFF (1951 IEer“1TLgi
(LT f|L~if_ 1Ll ITIASSIVE Sdall li‘]{'x From ( IT.II]LifH!“II f!xt 11,
':}H' HI" D1 "tJ!.-.i [ IL.L: 1SOCTrone w]]uua a0 ape Ol

) 14 ) 32 E!.!kkijjh-zi::|ag-tust1iy;1urtvw.jHWJ;JI:HafRLWK

11100 1C [~I|!.:H_-.1 UTICISSES .'||¢_ r'._-.-i'-.'.f‘.!!.-’i'lu TRALs

between 265 — 25 Maia and 219 + 25 Ma .'I:l'.':_|_'.'[-‘-‘:|[|.'_l
1 1 -1

LO) NS .-...-'!IHI'_ [hese values have no !"1|'-':|-| [Cd |

aluzllih_arn.t|“La.H|HL-:?ﬁ-1'!|ati~ Ol ?iu.;ii]Wllt [T1CL
l]l~?!}‘|llt. |'LL..'-",‘*T.fill'“.!"":'fii ‘:UI‘,_!:'t? l].:‘.{ _’:|r+-i_'§.'L- ‘ TI=L
inicial 1sotopic rarto. Owing to these uncertainties i

may be right to attribute the Hohen Tauern with 2
( .:"t"*infi".ft"l.- 15> dfgl 'a'x:‘lli il 15 '.||1; (MC -._-|::_[.‘|-.'|'_|.-.
cribed to the main intrusive Variscan j!.;w{_-riu~

hronological classification agrees with the
cal observations. ( onsequently, as asserted by some

B = .;E1||{ S 4Na 1n Jilnilf-i.!]h cC W 1ith '%lt dg€ O 'ilr

STOI1ES [1d CONnglomerates vVith BRI I-:_l: E'-,' .
yUCID d4 SCQUCIICC STIOWS STtronge variations 1n fi|!L|-_
LICSS LY I 'i"!r"i 1’,_[:['|-'|-: i'l-! IT1() ] - i-:_1|j-*~uh!|'--h
|I [NE WeE Ern p 'fn-‘ii'r. Vizze “--_|!|< ll- 1'*.|-|-
1 1A }'“J {1 ot o W FECOPNZE Wi '.|H|'{1r.|~." [}
£l i" 1C SCQUCTICES he first one ccognizable 1n Nne¢
‘H'n | £ LG 1"'.,_i|i~-.- I L ] |'||: lALLE] M‘*} {] 'L,ll q 8l
|||I ) {100 filn SOuth-western !*!! Ol i [' o1

window the INeves SEQUENCE 1S MOSL s1umiar rto the
f g Y G 1 L = s Pl =i - :
1Il‘.l:;'i. Vallaccia one E]th (1€ grapnitic garner mi

(dS( ||I~«f~ A1 [hie !'-I_:u. K .-__"'_i["|'|.‘T|L_ C1OT1ITOI1d Quartzires

containing rounded aplitic and rarely small-grain
granitic pebbles overlie and/or laterally replace the
L'!.:l“f]'ilt SCILISES .II]J{ 5C O L.w ]|_'Et' undel «0Ic d
strong penetrative deformation; their «pebbles»

|
f

Deing stretched accor INe to the lineation. !1...;Ir'-.-‘._"'flk

ks similar to « Augen-» or «Flaser » gneisses. In
this area, as in the Vizze Valley, alternating arcosic
!:IL'EHI'._III],'_'JI'||iL:'\'.1’._"~.f:lii_-l“n'.,ll""w[‘w,l||-.:?1'i.‘.Ll‘x'.j!'.m'.r'ilr"!,"-.
-.iwthllgwﬂ.e’ I hese SCQUCTICCES dre o !"L'Liujiara.ir. red
Carboniterous 1n age
By gradual or sharp transition, Permo-Scytian
marine whitish or yellowish quarrtzites follow 1p
wards underlying a sequence consisting of gray gr:
noblastic marbles, yellowish dolomitic marbles
EH ATINGg Irare ;L'x L']'w O White rl'lr'u.ﬁl“*. I"]ILI;;‘HEML ‘gg].x!
quartz), and light coloured fetid large grained mar-
I‘I'tr;*w \--'. 144 -1LIEI|H:I|'|+_ }r|LJI'|.'1ILH ]].:‘H._' [1EVET hf_:;[]

inl‘.iilu1 .I-|H. I..II'I[1’1||J.I[EIL Hi'Lil.!L'llkL' |1L'I'L' tEL""-t!'i.j"'{".i.

which has probably a Triassic to Jurassic age, is fairly

JI.Jsjn-[=1i]u¢---H]W|iaJ kh;il_tqacu~- Wolten
dorn) one in the Vizze Valley, and seems to corres

jﬁtHltE EWAF[]J|IH [ () !|iL hrL[JLWItL' ~'1iix [11J??ﬂL'~"

well corre

« Hochste s 8 Marbles» VNl CL. )




|
|
i
i
1 | 4 1
1
i
.
.'- i
.
Flyvre |
I .
BA
ne
- !
| ¢
| r_
I'.r i T
=S I
!.
™ 0
[1 CN1OY
.
i :

|
|
" 4 .
| s
1C

; ‘l*,
| ! |
\ \
]
3
|
|| i
| 1
[ {
[ § a
1 1
¥
| .I'
| P i
|,
i 838
__." | 1 1 [
f ki=s |
i
F |
] II q._ 1
IYE VE
L | I
a8 |
||! - =i i i
i 1
1 f
L A I-I’ -
: | ey
! Bi8i8 { [
=l | [ |
i i 11 I ".'l
- 1 Y
|
1 L
e Neves :
| TNEI | :
1
.I."\-ul
1 =| |=.J
Nrougn a
¥
5 O serpet

L | |
1),
gl
} 1 !
" I l
N | ' | ki
. [ ; .
C ol |
1 [ r-_ i
| f
: ! TR
| | 1 |
]
| )i | |
| 1
ruy |
§ J I|I
1
{ [ [ i
=1 i
o | " Y
| e
1 | T 1.4
| I || |I
1
1 | ) 1 ¥
[ 1 [
[
i ¥
I [
T '
1
1 | |':_ |
¥ - =i i ;
cl &0 f
] r g B
]
I I |
{ | ] f
" i
I"'\-.|I 1 | [
I ) | e aA5e5
I | | TT1
| LLY LIS Lirll
"_ L ] ()]
T [ [
] § Bl 11 -
| | 1 i ]
11 D Lo [
| IIII-.E-\.'--\. | | 'rI 'I\.I
ometimes garnetif
' LVAZILES, £rapinice
= ]
| 1 a5
| 5 {1 . !'Ilill*_l
5 irren | il )
i [}
L 11 "1'| |t 'IH e

this area the Permo-(

Lrbonirer

covers ot the orthogneisses

The still recognizable

tolds

'; . '. 1 1 1 S ; ] L 11 1 ] A
| ' S NLaces 11 [T1C | {
1 11C10) ":"-t | i« '
ernerail’ - 5€ 11 LIV |
ontinuity Or the two cals (
estable () r
|.AM | J el * g
plex « of dis
1 . { | [ . 1 e ‘
| S ! { DI ' L [ 3
LIV S COQUETNCe
n the fl ¢ .
sLE] 1€
i . 7 C i
148 ] | LISTS
:' ' | ' L {
| | L)l | ' |
| f | |
| I 11
[ 1 | b I
TECIONIC SET TTN(
It o8 ; ;
| - -
t the 1| au V. W
[he T if to the N
o] C1tLLEe
{ ()] T ¥ [
by CS DI W toll
{ ! , (%) ' ' I
5. | ! - al l
| { 51 i | J Lrild
II | Nor | A ¢ DDEd
| 1 "; | M TN ‘”‘x_,; , o ] e
nidi 1its are distinguishal | 'he deepet
I.-'F.':I[ 1S O thi \ .I". wisl ';1 |
() '!|:_ I Ppdl [ N . [10) COVH \ i
Habach serie V1zz¢ el H
(Ll It 1S Characterize :i" I '
ALNA 1AT2C WH : Ines chietlv i Ne 1 O
[Ne tec JI11C COTITACT 1‘I-i:i'|¢ () !i|~ B 48
' . :
with ophiolites» complex. This comj
;é.!'-l_!!-' [1OLS a1« WEertnrusts tne Ii a8t
( Ii.!, ‘;fgil [T1€C 1 the ‘“H-.- [ IL'||| I ) LI
window (Vizze Valley) the ftolds are INi
verging, while in the Southern part th
UTressIvi i".. |r'-,t'TTl:]']'|t-.:! T~|"J,,I!".;E*m I'.'j" (1 :'il

|
f
¥
i
r
LS
II
=y
L |
|
L%
|
}
'\._.|
-

|
1
1]
i
"
i
1 [
o
i
i
1
|
;
1Y
|
i
"
ey
14
{ |
|
I 1 | %



| 1 | F I;I-' - !|| | - || f
|
alelle [ I ) | 1140 TECTONIC WEQlDeS |,J
|
| B (51 { I:lll - | ‘_.- | :|'|'|'|'
Il I | |
I | | | ' 1 = | e 1 el W |
] £ | |
- |
'] - |
| ~ ng 1s even more complicated
¥ ¥ i | B
L ! 1 L A L] 1 .III‘-
e ¥ ¥ N
| I L Li LL > ! ' A
| = Wy
t AW . ENE-\WSYV 1 Y
||
| - 111 { i1l I | B |
..I 1 I
sk e | - I '
| HE I 1 | |
!
I |
| - rl':. 1™ '1. i”lll 1i_ 1 l
| i .I'I F 1'- i
I i \ L
=W |I i ¥ I l I|| 1 L. 01 I
| l!:I I |
| i
I_'_ 'I]I "j i 1 1 K
{ 1¢ i {¥T ¢
i § f |
S ] || '|:
|
¥ ¥ T 1
{ '} i | 1 | i 1
¥ i
r 1 |4 ] " 3 " , |
| Ll L !"'l'} ‘I'L"'.-
| ] I 1 |
& 1 F i 4 r | r ;
v ' clld | I
Y I
| %, L |_ 1 ! | 1' I-
v ']
#
| ke } --:ll
[
| ) | §
= B # I |I i | | ] £ |
r ." 1 ||f | i
| uthern pat O1
1
| i 1 { 1 II' :"I |: |
oy |
y i .-\.1 ‘| .: 1 \ |
: ICT1CLO [T1C

] ™ i f II __{. _\.Ill '|I||'H.r'\-
| ;™ ’ ' r
| 0 I.n’ I !I I| rI
1 1
-! L A | | H IIl Y
X I wal ] r Y
- | e CH { | an ette :
F 5 | I E "!I:: |
: 'l S ¢ haa aN
} 3. N
| |IrI llr: 1I I:I"- b |
I3 1] |
i | rent lnes wnose col
. § | 1
I | | wWill Ll S
P | } \ | F ™~ I e T
I | | L 'y 1 ! | A ! 1 I: 3
I 1 I f 1 N I~ 1 : 1 | !rlll i.-
{ 3 T % i
GNEISSIC ROCKS
J f i | i H i = | i ‘.l_ I'\I "‘-.Il P
1 | | | ' % h l b l
¥ " » ‘
I' | | { 1 Bl 1 111 14 I TWO L. L) ] y Xl
AN l \ ! - Lo lNd metaschises) which

N the whole constitute the deeper pennidic unit
Cropping t in the lTauern window. According to

these authors the metaschists. interpreted as Hetl

T

CYyNIC migmartites re the oldest terms of the se
| 'repaleozoic). Alpine metamot
|"||I-H_T'.'-E-J'.:|-:ui":-t_ £r] .Iai’!r masses and the coun

It..l i:-EJ':.'.':'_;"

ragnelsses 1mnto the so called «Central

Gnelsses» assoclated with ancient schists in which 1t

15 ST pOSSIDie to I'hind SOme PrImary [eatures | |“4ILII'-

his setting has been contirmed by

—

LOITIS O TOIdAsS

¥
| |
|
i
i
BES
¥
11 R
!
TS T
p-F k. o3
|

L . -
vV ENEezZial | el
1 1) | ()34
T 1 F II
{ | [ e LIEK (1)
A i :.||l| 1T 1 .:'-«.1
1 M i1 £ | 1111
q | i1 i ¥ % s
C d CACT Seinjf
. : |l
ILICS WhiIcCh S W L] ad

ar mostlv micro

I

1

y metamorphic s

&

1 _ N = | i 1 1 i B
L1d 1Y TICIA 1Nvestiearions ITriead [ 11 OVEer the
. =
-y 4 I | ; - i | F
| i1 "'.."1 s ] 1) I i LNE GO NI1DCAO
L he Alpine metamorphism gneissificated the i
| | = 1K
™ = 1 [ # # ¥
| 2 IV | |'“' ;'! '!|i 'II.||iL|. L 1 -rI: il l " i. :'\l
1 [ B | l
| [LC ODI1¢ LLEA L OnNCa NI TN NEra-
IO DNOSEd countrv rocks
The K | : o | 3 .
. .H'l. EalllC U lOUTIEISSES L [1C€ 1ES5S [1ad 1ESS
i .I ™ J | 5 | | - i
()] 201 1 e HSOULh. near 1 Ontact with thi
1 Il ==| I i “\ [ i B i I § : |
L LY ' L L | | -._ . L || q.I r!,_'L
- e
er microscope observations confirm that the
I 1 el Sl I 1 Y i -
|Il i " .H\'r: = i [ | |_! | | : 1 | (] . ) I",| FI I'«t
T | < ¥ '.: { =i # : .
C L iIdD] [ 14 | 1C OL1E1] . ICLal a550(C1
:| | L " 1] F T T F i = & "I-
1 N cen generally reequilil cd DV LI ALpIne
LAt \ BIDA |
\s it is visible in our geolog 1p, in the outly
i I ' ! ¥
- FCAS (Ne S 11 OF al INary line jomning
| i !-.:'- I K | '! i 1 r 1_ #
LITUg] OI T e (Chemitze Hiitte Scharte
{ = | F |' _ | 1 | i
e di Ghiace isbriicke Hiitte), the
- ’ i . . '
L) - LDCCOITICS OICEC dnd more | rked and the
h I'I' I'1'|| e I| Iri'. I | i 1|: :.I I‘l 1 173 17 iII
== 2 - L . . 1 s i B/ ! II-Irl1 H".II' |I | I
11 Pl Ql1tes d Irequentiy associarte na | W (
| | |
DE [1IEET phreteda p v . FiL & 5 VO
| "
L 1
[ l [ M | b= } | A | I i N iy
- . : b e - :
n | s OF | Ological observations and geo
. L 4 (=
| | i
|!|| | 1 I { i I ] 1 | ™ r .: '
. i N SYELG | | NS ] 1
! ' N = ey -\.i. L ¥ Ir_ -
[ T1EUISNed 11L1C PINELISSES ; | 1OTICIC ENELSSES
= i X 1
0) DDrIC gnei1sses
Lyl ) ' Y I
l | 1 . e - I
L1625 LM K ~NOW DOl i w = LV Bl ] FKels
Ip | i .r_ I_\_r. a Sriri r N I-I # 17y 1iars | i 5
] i L Ll | Ty ¥y 11 | &l 1Ll L! 1ICSS 20 LI L] Il[”:_
1 -. % _,.! T ¥ # ¥ | " y = I a
LLiC)Ll. 11 | C ] L LIS LIS L DCELWCECH 1C .!1'-
1L)E L "'-.I.I.[‘Il. L [ )] | { ) w 13111 -.|||:||.:‘_'_!"il[._-,. jl“...:. 15 J
=Ii1AT1 aN T | - 1 =:' | | | }' |
:.l ! - ‘l 111 LICIC o LUCLULA] AISCONCI-
I ! ;
; 3 5 & 2 i
[1L11EES oY }u.t [ C LIIC HOAINAIMIC reoredaniza-
=5 ] | BaFTrPE L & & f 0 | 1 ¥ |
OI1 O6 T1HC 11481 I gele L 1¢ EXtural variations
T i | FEET YRIT ! i i Aent | |
e dSSOM1dTE LY 11 111 . LJ] CaaCVvVIiUucll [ ICLIVMLIET )
o | r g - | {
Of metamorphic segregatio | he «Augen-» and
. =
l[| I:.l i ||"I"""1.r"' ™3 T -rl = ™ 5 F '-l".' 1--|1| Ir‘l
a5 IITICLISSES C ILd Y TOIIINEAd DY JIJ.J VI'()
| | . : aliiee =1 & 11 - |
1dSTS DU A€ generally consrictuced by [I1OTE O 1ESS
| . | 1
i L} L1001l ] '.E |: F A el L 1Y |I'] ""[ L r.. ) | It ;‘ | W 'rIIL_‘] .‘.t!‘\., |.
¥ | | N i I[ | i | Il ™11 - |
LCIUSPELS d1C OILC] a0 L 1€ [T11Neral associd

dmentally the

[ [1C. F";A:-_'II.Z-& |.'.*~L

gretation pro-

[T1E1 gleigolel [am
e 11AYE E'I._l -;!L o
| hi h detatled
¢ T At R he
| the transtorn
a8l ILLI|"'-: INEH
L1010 [0 SOome co




e typical minerals. Allaniti

& i !.: o
i ; 1 il | 1 i
XD | L ISSIVE Tacles leSs Inriuenced by
I_l-l-l_ = i o eT Y™ - 1 ] |--\,| i | 1 1] 4 4
L LS, i 1§ 1 -!_,"lt |-.|'= Ir._lu_] 'p""-,...lll!!".-.l
11l d1IOWS US O Trecoenize *«'..!"'~'..ir"-n"‘.!||', l«‘---:|.‘
% \ I 4 I I'. b | |.||l:‘ | III'_ i '..I!.-\\I:.
- i { i% "'l!-| "I B || | -1 11 i-l:.-w,"
| | i |
[ ! ISNT L1T10) I 1 T[] 0 e | i ] OT 1 1€
F1CI1TE 11 SIONS. Navi | YL 1
i [ o | -"'4. | l
\ | L 1C L ICE WITH plaglo
. . 1< [ & TNV ri el 1 J T [
i | L |.'l\. | ..I.Iw.lllll!
{ It i | 11 Sl 11 %
i B { L8
| [ 8] 1T 1 o | LS
.
L | | i
Wi | Ll ) *-. o 111 ed 1n
i 1 I 1 I i | i I-h
L 1 5 1 | 'I 1 [l i'.."\-\_.l\. I'Ih.
{ ' ' 1dSUIC 110 Th LTIOIC 1O L [eq LICS
| I =% [ ||| | !| T ",I | 1|:i__'~. _'I[_._I_
I I | § =l 1 [ I T T i
| | ey - ol [ . LLLIT €25 i
L 1 , = ] [1C11 i r}! LA ill. 1103S111
i | 3 ' W | i 1 i 'II f
| . L] L1 L LN L) 111

ISC DIOLTITE SNOWS d ddark prownishn
; .
l : | !.r { L ()1 Ij 5 .[I. 1] |[
| i | - MNa i
I | X 117 I|| L 1C . h 1) e | ||I 11¢
. ki
3 .!_[!.’II-‘_* | "_||‘|I:_'!!*-\.'r i | |_|J| 11 [ |r_|

| AL

I::.ll\"_i:"“-"‘','.;;--:!i..lll_lll ai.'i‘_-'l

. '.I 'k,,\l-|:-|||.:!!i| i Illll‘llill"'r-!irlh"m;

[ hey constitute the most frequent rocks and occur

]

LMOLEY 111 [T1dSSIVE .:I:J. 111 [N1ATKEEaly E='|!.![L‘:': T4cC1es: 1n
' ]

the latter case, «eyes» and «lenses» mav be formed.

mostly composed ot a mosaic of equidimensional

quartz grains, sometimes of «wape like» shaped

'f:i'..‘.f'-'.r’ dNd, more rare , O1 SO I ]W]_L_}_:]:u_'i.lh{_'
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Moreover. all these facies are particularly h 1n

riC
«>chlieren», locally still distinguishable as elements
of the country rocks or as magmartic authigenic con-
centrations. Their often lengthened shape agrees
with the general trend of the foliation. even if there
are clear examples of sharp unconformities. This
rock group is distinguishable from the granitic
pneisses due to their coarser grain size and the
PICALEr .ll"l'_'.[ll.{,lﬂtt' Ol E['IL'ixH'IH'L ratic minerals
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e mostly prismatic form of the amphibol-
ic host. The plagioclase shows a slight normal zon-
ing shading from core to rims with a narrow range
of An contents (16-5% An). Sometimes, phantoms
of the original rhythmic and reverse zoning marked
by a more or less intense segregation of small epi-
dortic LT}H[uiang ht‘tﬂﬁwtrh{ni.1-ht'f§-fttﬁwlﬁdr,iﬁiLw1
microcline, is influenced by a more or less intense
microperthite exolution and by microimplications
with the plagioclase.

Fine-grained 1dioblastic clinozoisite-pistacite and
almandine are minerals with a well defined meta
morphic genesis, while allanite 1s a mag

In the toliated rocks, white mica 1s generally chai
_:LI{'YiFL'Li I“l'_-, ui:;t [1SSALE SLTUCLUIES dll i. COTMNSTITuces
swarms: 1n the massive rocks this mineral 1s normal
ly absent

Tht_' Ci .iu *LI‘.'L'I.:. l'|'IiLL! ]“EJ Ngs to [||I. Fe-Dlortite oy

1'."-.'1:[|"§ el [_'jL'-; ICro1sim varving rrom aarke LOWILIISI

light yellow (see Tab. 6). Zircon, apatite and opa

MINerals are cCOmMIMoOnN accessoryv minerals and occa
qu]|=1l|ﬁ. cailcite ;_':.:i.:lt‘ll,;im'% AI'C al1S0O PI¢
]Ilel ['1C GINEISSES

}'HII,:'.L'.T [T10T¢e ()OI eSS eve-STtru lired r1acit {1

irequent. '-."u'fj!|[' Ly i";_"*«. 1. ,'| WECLL PDICS(
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mineral; 1t develops as porphyroblast
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evident shaded zoni | § Mostl | - ,

-
I.'d.

:_-'ljl_img‘wlu_ L_l.nl[';ih:'a_ih'.['_' _Il'F
1 T} s bt sl At — o
A1DITIC | 1S Seems tOo conrirm that the : L '
plagioclase 1S Stricely
the magmatic teldspar. In tact in

Morpnic environment poor 1n rluids

[114t10n

Anorthite + H,O — Oligoclase + Zi

hardly occurs

Fine Il.fr}:zllt_'L[ ore inclusions are common 1n hot

HL't"iL'H:fL' U."-.H{.||“~, A1d rlu;x dIre arraneeqa alony

SEts O well defined trails Ccrossing each othei

angle an of 56°. Such geometrical fearure indicat
that the horneblende crystals nucleated and grew re ;J.
cing old, ditterently oriented amphibole Ci 1S

Metamorphic amphibole, which often appears to
have been recrystallized at the expence ot that o
magmartic origin, certainly had a higher 1ron an
titanium oxides contents

Biotite shows a Yy }W:h.:i |&|L-L|L!'-;|a[ie varving rron
'."""””“ -red “'j'}ii” _‘~L'1|H‘h'~":~,!1't't'l'lﬂ.l[;-l. It never shows
the dark brownish colours typical of the Fe-biotites
Chemical analyses (see Tab. 6) contirm that thej
mostly belong to the Mg-biotite group

Quartz and K-feldspar also occur as fine-grained
granoblastic accessory minerals

];I‘-!L!lr[t sOMmMetimes ||1:H cl }'WEHLHHEL COTIC,
almandine-grossularite garnets (see lab. 8) are
COMIMaon, H|‘!||H:IH..‘ ..l['!Li Ore I'IHHL'I'LIIH A€ accessory

components.
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T'hese rocks are not widely diffused but they form
conspicuous bodies (Cima Nera) in the north-
CASIETN part ol the _:L'tIEtJ_L:jL.ll Map. SOMmMe strong |y
!I'JL'E.LHHr!'}‘\hchrd LY PES still show clear gabbro I:.;.%;‘-
tures. Generally they consist of fine grained dark
metamorphites mostly composed of an abundant
horneblende phase and of interstitial plagioclase
granoblasts.
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.f"‘n.rupl'tihuim normally consisting of a Mg
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expence of probable magmatic amphiboles and/ o1

pyroxenes (Diallage 7 ), whose original twinning can

still occasionally be recognized through the arran

gement of ore minerals. The abundant segregation

of magnetite and ilmenite suggests a greater abun-
dance of Fe and T1in the primary minerals. In some
types there 1s also a fairly large quantity of biotite
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tzdiorite (« 1 rondjemites») and

c-alkalic sequence (see dia- see Fip

Nigeli's variation diagrams). in

otypes tend to assume an alkali
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hich does not alwavs exibit the Y

.l & | acters usually accributed to 1t. Such 4 \

omena are fairly evident 1n those rocks particu- \
larly attected by dynamic stress and later by tardo
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CL ACATCC 1N IMassive [YPES | he contents 1n . :

likaltes and other elements (Fe, Ca, Mg, etc.) are e A T

H 5
g

Lrerent 1 ol jliii};;il i||t !IIEL;1| H.Ltflyﬂt'w which are S/ & . -
very close t ach other 1n the tield. This teature / 5_
contfirms the above assumption. The NayO/ KyO / S @ \

€ magmatic _.

tio variation (Fig. 6) within a sing
group also confirms such a hypothesis. Although A el gt SO

these chemical modifications have not masked the /. \

“MgO

r
i

alkali-calcic affinity of the magmatics, the tormer Na O+K_--O‘
must not be underestimarted 1n a correct Adiscussion

| he dikes mostly concordant with the country FIG 4 - A I M diagram. The two dotted lines define the
l 3 - : : 4 . . J | | 1
toltation are both acid and basic 1n COIMPOSItIONn cvVerl tield of the calcalkaline series For the symbols see Fig, 2
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Erwent metasomatic phenomena ous authors. The comparison with ou:
satisractory, except tor the difterent leve \{ 1roil
: oxidation Furt Ir;!'ii.‘-'i['x:1-Hi'|i-:-‘i'~ll|'.i"H."
: 0 and trace elements has made |t ‘;'un'«!-i--c
§ M Wi [ g ¥ ; ! I I | |
¢ . T L stgniticant intormartion which 1s not achieval

@ RITIC AND GABBR simple correlation of major elements

| ® METAMORPHIC DIK! In the Sr/Sl and Zr/SI diagrams (Fig. 7a and
oranites and granodiorites show a cood linear ¢
lation while, on the contraryv. gabbros and gabl

s SATE diorites exhibit a discordant trend with remarkable
I | Hl..‘.[[l:_‘f'i["-_i'_'_. In the Ti/Zr and Rb/Zr .1'_|,|_L_':',z;;,--. _i

Y 3a and 8b) conclusions are analogous: the line
Xy X ® INIVELSE '..'l-'l'f.'l:.'i._lflll!']] Of granites .Ei]'.;,' '___']'.IE'.'II-?.H'II'_'E{ 5 1S

1N contrast with gabbros and gabbrodiorites

b
L3

In conclusion, the geochemical affinities in both

massive and ftoliated mertagranitoids and in dike:

L

show a typical ditterentiated alkali-calcic series. Al

KEO though the more basic types belong to the same

———————p e series, they show a sharp compositional gap in com-

parison with the intermediate terms (see variation
1G. 6 - Nay O - Ky0 variation diagrams dragrams) as well as some anomalies in the content
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of some trace elements. Perhaps these geochemical
teatures indicate a mantle origin in the basic melts
while acid to intermediate melts could have a crustal
origin.

1'he basic and granitoid bodies intruded at differ-
ent tumes. These polyphasic intrusions are con-
1at the basic

rirmed in the field where it is evident ¢
bodies intruded before the granitic ones.
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F1GS. 8a and 8b - T1-Zir and Rb-Zr variation diagrams
COUNTRY PARAGNEISSES

T'he covers of Hercynic granitoids consist of pa-
ragneisses which are rather monotonous in compo-
sition. Paraderivates have probably been metamor-
phosed in a pre-Westfalian time and psephitic-
psammuitic sized, they are quite easily recognizable.
On the contrary, when only psammitic sized they
can hardly be distinguished from orthoderivates in
the field. However microscope observations have
made 1t possible to get a further and more precise
identification ot these rocks.

Chemical analyses, turthermore, allowed us to
distinguish their arkosic origin and other distinctive
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have been investigated. In tab analvse oth of

COTC J|h11!“IHIJEH|H;4i Crystals are reported. >t
tural formula have been obtained according to
LEAKE'S [HWF{HJHJ[ (1978). These crvstallochemu
LJ] tHIhiH!nHlH Areé not satistactory wOC dlS fi
'HORNE, 1983), as can be seen comparing t
lyses by traditional methods of the two amphibole:
IH{51“¥}H.HM1}H{H“}”%h-KkhﬂilTwlt'ﬂiaHJfr'
and concentrated by heavy liquids. The comparison
LTH[W]JH!KEH[i]JIi:n LLlHitW;[tJ[uLlJlr.ih} the above
mentioned method. is overestimated. and theretore
the average Mg/Mg + Fe?+ tot. ratio turns out to be
higher. In despite of these ditficulties, these amphi
boles tJ!][IHJw{iﬁ be classitied (LEAKE, 1978) as Mg-
hterL41|tlh|tH and as tschermachites (seec YI;
Furthermore, microprobe analyses reveal that

there are no great variations between core and rims;

Formula obtained on basis 23 (), | '[1"[{-.5-'1'-"”.."':"”
'!"i'--'.1|.-"='!.'.‘f’.l-.'l of the Fe,0), values from the charge-balance ol
hll.HuiltffiﬂtwhitF“uhﬂtnﬁPﬂui1h|I“|”i"|'I'-J“Hw= |L“

that all Ca, Na and K are in the B and A sites
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this 1s also confirmed by optical observations. As the
composition of the terms of this tamily varies,
pleocroism does not noticeably change, and only in
Mg-amphiboles is a slight attenuartion of the green-
ish tonalities observable. As occurs for the micas,
also amphiboles are clearly influenced by the whole
rock composition. The diagram in fig. 12 shows the
linear direct correlation berween some elements of
the mineral and the whole rock: this indicates the
chemical conditioning of amphiboles during their

metamorphic growth.
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These minerals are quite common in micaschists
of the covers and also occur in orthoderivates. In tab
o) [[!IL’I'U["‘-['HE‘H: _lIlL!if. ses of 2drnets 1n _ijT'.,lI"IEI[Hi*.i
gneisses and wet analyses of garnets in two mica-
schists (BRS 243 and BRS 323) of the covers are
reported. The garnet formulas show a more or less
complete saturation of the eight-coordinated sites
suggesting the presence of a small Fei* content.
Despite this conditioning, garnets in orthoderivates
have a very constant composition and zoning 1s
weak. They are formed by prevailing almandine-
grossularite solid solutions and subordinately by
spessartite and pyrope. The core is generally richer
in almandine and pyrope while, rims have a higher
grossularite content. For these minerals there are no
obvious MgO/MgO + FeO rtot. whole rock-garnet
correlation ratios. Sample BRS 243 and BRS 323
respectively 1n an impure quarczites from the calc-
schists and 1n a Carboniferous (?) graphitic mica-
schist show a well detined compositional difference
compared to garnet of orthogneisses. The first
shows high spessartite contents while the second is
very rich in almandine. This is essentially due to the
particular composition of the rocks considered.

CALCITE - DOLOMITE GEOTHERMOMETER

An attempt to use the Calcite-Dolomite geother-
mometer in some samples from Jurassic calcschists
and Triassic marbles has been made. Preliminary
X -diffraction analyses and microscope observations
allowed us to select samples in which crystals of the
two minerals were present and in contact. Micro-
probe analyses were limited to cores of the minerals
and the surface affected by the electronic pannel was
limited to 20 mpu?. This geothermometer is essen-
tially based on the original studies by HARKER and
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