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EXCURSION TO THE SESIA-LANZO ZONE 
AND VALTOURNANCHE METAMORPHIC OPHIOLlTES 

GUIDE BOOK 

ROBERTO COMPACNONI, GIORGIO V. DAL PIAZ, LAURA FlORA, GUIDO Goss o, 

BRUNO LoMBAROO, B RUNELLO M AFFEO, P AUL F. W ILLlAM S 

Two areas were selected for the Sesia-Lanzo Zone (F ig. 1) : 
A) the Mucrone area in the Edogitic Micaschist Complex with eclogitized granitoids 

and paragneisses; 
B) the Val d'Aosta cross section from the Eclogitic Micaschists to the Gneiss Minuti. 

A review of the geology of the Sesia-Lanzo Zone, with extensive references, 
is given in Co"'P.\GNON"1 et al. (Internal Report 2 of the Italy-U.S.A. Cooperative 
Project, 1975, and this volume). 

The eclogitic metaophiolites of the underlying Piemonte Zone were visited in 
the Breuil area, upper Valtournanche (C in Fig . 1). 

A. EcIogilic paraschists and metagranitoids of the l\lucrone area - Biella 
(Topographic Map 1:25.000: LlLLlANES; 1: 100.000 sheet nr. 42, IVREA) 

The Mount Mucrone area (map in DAL PlAZ et al., 1973) has been known for 
its beautiful eclogites since the end of the 19th century; moreover the best examples 
of eclogitic metagranitoids and paraschists also occu r in this area . Disregarding a 
weak thermal effect due to the imrusion of the post-metamorphic Biella stock, the 
Mt. Mucrone area is devoid of significant post-eclogitic transformations. 

The outcrops described In 1. 2, 3 and 4 are located in the cirques above the 
terminal of the cable car that reaches Lake Mucrone from Oropa (fig. 2 a). 

Stops J and 2: EAST FACE OF MT. MUCRONE 
Eclogitic metagranitoids with relic magmatic microstructures 

, From the northeastern si de of Lake Mucrone a narrow path (red marks) leads 
in about twenty minutes to a saddle on the north ridge of Mt. Mucrone and thence 
to a liule cirque at the foot of the east face. Stop I is reached in to min. from the 
saddle. Stop 2 is beyond the little notch on the crest limiting the cirque to the south . 

In stop 1 eclogitic metagranitoids with the best preserved magmatic texture 
are exposed. 

Quartz, biotiu and K-feldspar in twinned phenocrysts are still preserved in 
these metagranitoids. Plagioclau is completely replaced by very fine-grained ag­
gregates consisting of jadeite, zoisite and quartz (OAL PIAZ et ai., 1972; CoMPA­
GNONI and MAFFEO, 1973). Siotite is rimmed by phengite+ garnet. 
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Fig. I. - T«l(mic sknc/, map "I Ih~ int(Tnai Norr/uuu/(T" Alps. A, S, C indialte the location 
of the hddtrips. I) Bernhard Nappe. 2) Monte Rosa (MR) . Arcaa-Brusson (AB) - Gran Para­
dis<> (GP) Nap~. 3) Piemon!e Zone. 4) ~nd 5) AUltr<»ipine compk~e5. 4) ][ Zona Diorito>-Kinzigitica (A), 
Val Vogna.vallc cli Gre.sooty Klippc (B), V~s.am Klippc (C), Valpdline Series (D). 5) Edogitic 
Micaschi'l Complex and Gneiss Minul; 0;)mpiex of the &sia-Lanzo Zone; AroH .. Gneines of the 
Dent Blanche Nappc; black: MCS<lzoic sequences of MOll! Dolin and Roi.~n Zonc. 6) Biclla ~nd 

Tra'·crsclla stocks. 7) TrJchyandC5itc volcanics of Oligocene age. 8) Canaveic Zone. 9) lnca·Verbano 
Zone; black: ultramafics. 10) Serie dei Lag-hi. 
DB: Denl Blanche Nappe 5.5. MM: Mont Mary Kli ppe. EM: Monle EmiliU5 Klippe. GR: Glacier· 
Rafray Klippc. PI: Pillonet Klippe. CH: Chatil1on·Saint Vinccll! Klippc. 
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The metagranitoids range in composition from granodiorite5 to quanzdiorites. 
Chemical compositions of fou r representative metagranitic rocks fro m Mt. Mucrone 
(MEC 97 and MEC 100: CALLEGARI et al., 1976, tab. I ; MEC 188 and MEC 189: 
an. H. SMITH, U. S. Cool. Survey, Menlo Park) are shown in table 1. 

Cognate dark inclusions of the granitoids are transformed into quarlz-omphaciu. 
garn~t rocks. Small xenoliths of country rocks (paragneisses) and aplite to pegmatite 
dykes are beautifull y preserved. T hey show partial transformations into high -
pressure assemblages as the granitoids. lad~iu-clinozoisiu shear zones of pre-eclogitic 
age (CALLECARI, pers. comm.) occur at the foot of the wall within the metagranitoids. 

TABLE 1 

Ch~mical compositions of four r~pr~unltltitl~ m~/agranitic rocks from Mt. Mucron~ 

HEt 91 HEt 100 HEt 188 HEC 189 

SiO
Z 

66.60 69 .42 66 . 6 68.7 

TI01 0.s8 0,'9 0 . 56 0 . J8 

Al
1

0
3 

16.31 H.B4 16 . 4 16.0 

l'e
1O

l 
0.36 0·35 0.40 0.$0 

,.0 3.99 3.15 .. , .. , 
~o 0.07 ,.'" 0 . 01 0.01 ... ' 1.11 0.88 ... , . .., 
'" 3.93 2 .95 ,., ,., 
lia10 3d. 2.98 ,., .. , 
',' 2. 15 ' .00 .. , , .. 
P2 0$ 0 . 18 0 . 12 0 . 19 0 .11 
H

2
O+ 1. 01 1 . 64 0 .70 0 . 55 .,-, . n.d. n.d. 0.0. 0 . 02 

", n.d. n.d. 0 . 05 0 . 07 

TOTAL 99Ts 99.98 100.51 99 . 80 

T he g ranitoids grade into phengite micaschists with garn~l . Na-pyroun~, 

zoisi/~ ± glaucophan~. All intermediate stages in the t ransformation from granitoids 
to onhomicaschists can be fo und in this site. 

T he same lithologies are found in stop 2. just below the summit of Mt. Mucrone. 
Fine-grained rocks consisting of quartz, garn~t and Na.pyroxen~s and possibly 
correspondi ng to pre-Al pine hornfelses are seen in contact with the metagranitoids. 

SlOP 3: EASTERN SWPE Of MT. Rosso 
Eclogitic paraschists with rdies of pu+Alpin~ a!JcmblagcJ 

T his outcrop is located 100 m above the narrow road connecting the cable car 
station with Lake Mucrone. It can be reached by a 10 min. walk along a path 
st:l rt ing at the north side of the lake. 
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Relics of pre-Alpine high-grade paragneisses with pegmatitic mobilizates and 

metabasi tes are preserved here within edogitic paraschisu. 
Biotite, garnet, sillimanire and K -/efdspar of pre-A lpine age are still preserved 

in the paragneisses. As in the metagranitoids of locality 1 and 2 plagioclase is 
completely replaced by jade/te, quartz and zoisite pseudomorphs and biotile is 
partially replaced by pllmgire + garnet; kyaniu pseudomorphs replace sillimaniu. 

Pre-Alpine metabasites are tr;msformed into coarse-grained gbucophane eclo­

giles; relics of brown hornblende are preserved in places. 
Pegmatitic pods and vei ns in the paragneisses consist of quartz, K-/efdspar ± 

± biolile ± plagioc/ase. BiOlite and plagioclase show the $..1me mineral transfor­

m:uion as in the surrounding paragneisses. 

Stop 4: LAKE M UCRONE - LIFT TERMINAL 
Edogitic paraschislS witl] intercalations of glalfcophane edog/lu 

Typical edogitic paraschists a re exposed along the path from Lake Mucrone 
to the lift station; massive to foliated glaucophane-phengite-eclogites occur as large 

lenses in the paraschists (fig. 2) and can be sampled in loose blocks. T hese eclogites 
are described by VITERBO and BLACKBURN (1968). 

Phengites of the paraschisLS give K-Ar and Rb-Sr early-Alpine ages (H UNZl­
"ER, 1974). 

Stop 5: ROAD FROM OROPA TO Bn:.lU 

(T opographic Map 1 :25.000: Andorno Micca; l.lOO.OOO sheet nr. 43, Biella) 
Andesile /lolcallics with blocks of edogilic micaschists 

The road from Oropa to Biclla crosses near Favaro the andesite volcanics 

covering the internal margin o[ the Sesia-L1nzo Zone. The volcanics arc exposed 

over 25 Km from the lower Aosla Valley to the Sesia Valley. They are unmetamor­
phosed and yield whole-rock K-Ar ages of 30 m.y. (H uNzI "ER, 1974; ScHEORINC 
et aI., 1974; see also Internal Report 2, seC[ 23, for discussion). Round shaped 

blocks of eclogitic micaschists occur in the volcanics (BlANCH I and GB. DILL PIAZ, 

1963, with earlier references). White micas of these micaschiSlS give early-Alpine 
:lges (H UNZIKER, 1974). 

B. Section across the Sceia.Lanzo Zone in the lower Val d'Aosla 
(TotJOl rapbic and Iwiol:icai Maps 1:100.000 nr. 42, IVREA) 

The lower Val d 'Aosta exposes a complete section (about 20 Km long) across 
the Sesia-L.1nzo Zone which ca n be visited in a single day. In spite of the rather 

low elevation, exposures are very good due to extensive g lacial polishing. 
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Fig. 3. - Grologic sketch map 0/ lowrr VaI d'Aor/a. I) Eclogitic micaschisu. 2) Marbl~ •. 3) Amphi· 
bolius. 4) Metagr .. n;t;c rocks. 5) Mctagabbros. 6) Giaucophanite •• 7) «Gneiss Minuli » Complex. 
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12) Ivrca-Vcrbano Zone. 13) Alluvial deposits. H) Morail'es. 15·16) lsograds of the grccnschisdacie. 
overprinting of l.epominc age: 15) )adcitc·out, 16) glaucophanc·out. 
Number. show location of the visited outcrops. 
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Location of the visited outcrops is shown in Fig. 3. StopS 1 to 6 are ltl the 
Eclogitic Micaschist Complex; stop 7 is in the Gneiss Minuti Complex. With respect 
lO the greenschist-facies overprinting of Lepontine age, stops 1, 2 and 3 are in the 
zone where glaucophane and jadeite arc preserved . Stops 4, 5 and 6 are in the 
zone where jadeite has been completely replaced but glaucophane is still preserved. 
Stop 7 is in the zone where also glaucophanes are completely replaced. 

Stop /: IvozlO (Topographic Map 1 :25.1)00: Borgofranco d'lvrea; coord. 1022 4318) 
Metabasites with pselldomorphs after lawsonite 

In this exposure (on the slope, 300 m north of the small village of lvozio) 
layered metabasics contain abundant pseudomorphs after lawsonite. The lvozio 
!awsonite c..'(tends further to the northeast the known occurrences of this mineral, 
previously restricted to the southern most part of the Sesia-Lanzo Zone (see Col-IPA­
GKONl et al., this volume). 

The metabasites consist of zoisite, colourless amphibole and w!Jite mica, with 
varying proportions of omphacite and garnet and minor glaucophane and rutile. 

A possible derivation of these rocks from pre-Alpine amphibolites is suggested 
by the occurrence of large colourless amphiboles replacing older brown hornblendes . 

The pseudomorphs after lawsonitc have a rhombohedral shape and their size 
may reach 1 cm; they are very fine-grained aggregates consisting of paragonite and 
zoisite ± albite. 

Bulk chemistry of this metabasite is presented in table 2 (SL 910). 

Stop 2: MONTEsTRuno 

(Topographic Mnp 1:25.000 : Borgofranco d'lvrea; coord . 0990 4364) 
Eclogitic parasclJists with meta-(Jplitic dYkes 

The outcrops are located near a vantage point, 500 m east of the village of 
Montestrutto. Towards the west, the Fort of Bard stands in the middle of the 
valley. Eastward the Po plain nppenrs; in a few points the Ivrea Zone outcrops 
through the Quaternary cover. 

The gross lithology of the edogitic micaschists dips gently westward. The 
nenrly parallel association of light coloured layers of metagranitoids with darker 
paraschists is due to isoclinal folding of Alpine age. 

The prevailing lithology is a micaschist with Na-pyroxene, garnet, phengite, 
glaucophane ± zoisite ± mtile. Small boundins of garnet omphacitites and glauco­
phane eclogites are common. Marbles occur in places (e.g. close to the road of the 
Aosta Valley). 

The dykes have a leucogranitic and/or aplitic composition and consist of quartz, 
jaddle, phengite ± minor garnet and glaucophane. Relics of magmatic K-feldspar 
occur il; place. Bulk chemistry of a meta-aplitic dyke (SL 664) is presented in table 2. 

Within the largest dyke round-shaped megablasts of jadeite Od ~ 95 %) occur. 
Sim ilar dykes were recently described by ANPREOLl et al. (1976) from the Valchiu-
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sella - Val d'Aosta ridge (Mount Le Col me). Mcta-aplitic dykes with jadcite mega­
crysts also occur in seveml other sites of Va!chiusella and Val d'Aosta; in the 
external part of the Eclogilic Micaschist Complex, however, the complete alteration 
of jadeite into albile makes very difficult to distinguish them from ordinary meta­
aplitic dykes. 

Stop 3: BRIC VERT 
(Topographic Map 1 :25.000; Traversdla; coord. 0650 4824) 
Eclogitic paraschists with edogitt:s and marbles 

All the lithologies lypical of the Eclogilic Micaschist Complex can be collected 
1R loose blocks fallen from the towering face of Bric Vert along the p:nh leading 
from Chiapetti to Pramouon. 

SL 910 
SL 664 
OM 
MEC 84 , 
MEC 60 : 
MEC 61 : 

TABLE 2 

Chemical composition 0/ some rocks from eh, Vat d'Aotta 

tcetion 01 eh, Se;ia-Lanzo Zone 

SL~I O SL664 .. .'lE.c84 MEC60 ~ .. 
5101 41.48 14·43 51 . 48 64 . 83 69 .40 62.01 

Ti01 0.18 O.I J 0 · 91 0.76 0.68 0 . 60 

",1
2
0

3 
12.15 L3.u 10.74 1S.81 13.65 . 6 .40 

F~103 0.75 0.'6 2 .~7 1. 35 0.93 1.13 
,~ J.S9 1 . 36 3·94 3 ->4 3 . 63 4.28 

.~ 0.0. 0.05 0 .11 0.01 0 .06 0 .09 .... 1.98 0.93 8 .19 2.01 1.16 2. 4' ,., 10.86 0 . ,6 7.94 4. 65 3.36 3 · 99 

haO 3 · 99 3.38 1.39 3·06 2 ·92 1·14 

'." 0.27 4. 67 7.20 1.51 1.18 4·14 

'205 0.06 0.16 1.44 0 .20 0 .1 8 0 .1 8 

H2O+ 2.86 0 . 98 •• 68 1.77 .. " 2 . 95 

100.18 100·35 97.72* 9~.56 99.95 100.08 

lvozio metabasite. An.: L. F.ORA, Islituto di Petrografia, Torino. 
Metamorphic dyke of kucocralic tyre. Road Quincinetto-S. Maria (LoMURDO et aI., 1977). 
c..sc Chiapctti minctte (I)E MARCO, 1958). • Includes BaO 0.37 and H,o- 0.20. 
Lillianes tnetaquanzdiorite (CALLECAR' ct aI., 1976, tab. I). 
Clapcy metaquarl2diorite (C'LLHlARl cl aI., 1976, lab. I). 
Clapey metaquartzdiorile wilh mer.asomatic alteration (CALLf.CAR! et aI., 1976, tab. 1). 

80lh early-Alpine a.nd retrogression minerals (which mostly occur in veins) 
are very coarse·grained. Omphacites in euhedral crystals (up to 1 cm long) were 
recently found here in veins. 

T he most frequent lithologies are: 
phengite micaschists with garnet ± Na-pyroxenes ± glattcophane, 
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glaucophane edogites and omphacitites with phengite ± /erroan dolomite ± zoisite, 
calcite - dolomite - ankerite marbles with p/Jengite - zoisite - omphacite, 
calcite - ankerite micaschists with nodules of fibrous white calcite (deriving from 
aragonite?). 

Dolomite appears to be in equilibrium with the other high-pressure minerals of 
some edogites suggesting that the latter probably derive from mads. 

Blocks of a post-metamorphic minette dyke crosscutting the edogitic mi­
caschists in the face above Case Chiapeui can also be sampled here. The com­
position of the Case Chiapetli minette is shown in Table 2 (DM). 

The minette consists of phenocrysts of augite, phiogopite, and apatite in a 
groundmass of orthoc/ase with minor quartz and small needles of ar/lledsonitic 
amphibole (DE MARCO, 1958). 

Age relations and tectonic significance of the post-metamorphic magmatism 
are discussed in sect. 23 and 4.2.4 of Co:-'IPAGKON I et al. (this volume). 

Some hundred meters towards the nonh along the riverside other interesting 
edogitized rocks are exposed. The dominant lithology is here an omphacite-glatfco­
phane-garnet micaschist containing small eclogitic boudins and marble layers. A 
body of pre-Alpine amphibolites occurs in the mieaschists dose to a sand pocket 
of the DOTa river. The amphibolite has been converted into an edogite which 
still retains mesoscopic relics of the amphibolite; these relics consist at the microscope 
of brown hornblendes aligned in S-planes and partially decolourcd. Skeletal garnet 
and less abundant glallcophane, both of early-Alpine age, overgrow the hornblendes. 

This stage of initial edogitization in metabasics is not Tare all over the Sesia­
Lanzo Zone; the large amphibolite body of the Croix Cormn ridge (above Donnaz) 
is perhaps the best example (Fig. 4). 

In the same outcrop where this peculiar amphibolite -00 eclogite stage occurs 
other rocks ·types arc found like qllartz - carbonate micaschists containing small 
eclogitic boudins. A metamorphic leucocratic dyke cuts unconformably these 
lithologies. 

Boudins of amphibolite also occur in the marbles exposed furthe r north along 
the suspended path skirting the spur on which the ancient tower of Pramotton is 
built. Dykes of metagranitic rocks and eclogitic micaschists are interlayered with 
the marbles and repeatedly folded. 

Stop 4: T ORREl\'TE BOURO ( L ILLIANf.S) 

(Topographic Map 1:25.000 : Lillianes; coord. 108!) 5502) 
Eclogitic metaquartzdiorite with cognate inclusions 

One of the most conspicuous bodies of eclogitic metagranitoids extending from 
Mt. Mucrone to the lower Gressoney Valley can be observed in this stop, about 
midway between Litlianes and Fontainemore. Good outcrops can be found below 
the road, along the bed of the Lys river. 
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The celogitic mct31;,'Tanitoids of LiHianes have quartz-dioritic composition 
(MEC 84, Table 2) and consist of coarse lens-shaped quartz, garnet, phengite, 
Na .. pyroxene (omphacite) .md glallcophane with allaniu: and zircon as accessory 
minerals. 

Cognate inclusions are very common in this outcrop. They are very fine-grained 

and contrast with the enclosing parent rock, having much more abu ndant Na­
pyroxene (omphacite), garnet and glallcophane; their shape is strongly elongate and 
they occur in swarms that cvidentiate the folded foliation of the host rock. 

The greenschist-facies overprinting of Lepontine age is here readily ~en and 
produces albite, epidote, ch/orilt:, blue-green amphibol~ and actino/it~; actually we 
are now in the zone where jadeite is completely replaced by albitc, but glaucophane 
still survives. 

Stop 5: CLAPEY (OoNNAZ) 
(T opographic Map 1 :25.000: Bard; coord. 0340 5050) 

Metaquartzdiorites with cognate inclusions, and paraschists with metabasites 

This outcrop, a Rat bosse projecting above the alluvial deposits, is located south 
of Donnaz, between the highway and the Dora river. The metaquartzdiorite 

occupies the sout hern part of the outcrop; the paraschists occur dose to the vineyard. 
Both the metaquartzdiorite and the paraschists are cut by leucocratic dykes. 

The Clapey metaquartzdiorite is foliated, but in places (e.g. on freshly cut 

surfaces close to the highway fence) it preserves the original magmatic texture. 
Allanite and zircon are the only igneous minerals preserved; the high-pressure 
minerals are glaucophane and phengite + garnet replacing magmatic biotitc. 

The Na-pyroxen~ is completely replaced by overgrowths of albit~ and epidou, 
while glaucophane is partly replaced by pseudomorphs of actinolite, green bioliu, 
albite and ch/orite (we are here in the zone where the greenschist-facies overprinting 
becomes more and morc prominent). 

As usual, the cognate inclusions are very fine-grained and more massive than 
the host rock. They consist of glaucoplwne, garnet, actinolite, green biotite, white 
mica, quartz, a/bite and epidote; albite and quartz are less abundant than in the 

host rocks. Leucocraiic dykes arc qllartz-albite-whit~ mica-epidote schists. 
The mineralogy of the paraschists is close to that of the meta-intrusives; the 

interbedded metabasites ace omphacitites with minor phengite and quartz; they arc 
rare and small lenses. 

Bulk chemistry of two samples of metaquartzdiorite (MEC 60, MEC 61) showing 

different stages of textural evolution is presented in table 2. 
A compa rison of the two analyses suggests that mobilization must have 

occurred during Alpine metamorphism and deformation, since the more evoluted 

MEC 61 displays an abnormal composition (corresponding to the opdalitic type 
of granitic magmas in [he NWGLI classification) while the less evoluted MEC 60 
shows a normal q uartzdioritic composition. 
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Stop 6: SECTION" ALONG THE ROMAN 11.0,,"0 FRO,,"I DONNAZ TO BARD 

(Topographic Map 1 :25.000: Bard; coord. 0290 5095) 
Ec/ogilic paroscilists with greenschisl-facies overprinting 

The section begins near Donnaz where an arch and a milestone of the ancient 
Roman road across the Alps are carved in the rock. 

We are here in the more external part of the Ec!ogitic Micaschist Complex . 
The prevailing lithology is a paraschist cOlltaining frequem leucocratic dykes, 
possibly related to the Clapey metagranitoids. 

The greenschist-facies overprinting is here becoming stronger and stronger; 
epidote, actinolite and albite acc widespread. In the paraschists the only relic of 
high pressure minerals is garnet; glaucophane is replaced by albitc-actinolite ± 
± biotite ± chlorite pseudomorphs. No traces of a transformed jadeitic pyroxene 
were found (if any was present). On the contrary, omphacite (partly replaced by 
albite + actinolite symplectites) is preserved in the metabasite boudins within the 
paraschists. 

Further on, the steep face of True Chaveran exposes a set of folds (to m ampli­
tude) whose sense of asymmetry accounts for a large scale structure responsible of the 
abrupt rise of the regional lithology in the tract covered by this short profile. 
Actually, from the cemetery of Bard to the village the lithology is nearly vertical. 

Near the Bard cemetery small boudins of metabasites (eclogites, white-mica 
omphacitites and ankerite-bearing glaucophanites) occur in metagranitoids . A 
boudinaged omphacitite seems to derive from a single layer, possibly a basic dyke. 

The profile ends at the ancient village of Bard close to the imposing fo rtress 
of the 18th century. 

Stop 7: PaNT BOZET 

(Topographic Map 1 :25.000; Champorcher; coord. 9736 5115) 
c Gneiss minuti .. of the external Sesia-LAnzo Zone 

T his locality of the lower Champorcher Valley was selected as a typical outcrop 
of the Gneiss Minuti Complex C). 

In this external part of the Sesia-Lanzo Zone the rocks are mainly silicic 
metaintrusives. Here the early-Alpine metamorphic event is recognizable only for 
the occurrence of garnet, glaucophane and phengite. These minerals are overprinted 
by greenschist-facies assemblages that impose to the rocks the typical c gneiss mi­
nuti .. appearance. However, the absence of the transformation products of jadeitc 
and the direct replacement of the pre.Alpine plagioclases solely by albite demonstrate 
that in this sector the early-Alpine event never attained pressu res as high as in the 
Eclogitic Micaschist Complex . At Pant Bozel the dominant lithology is a well 
foliated augcngneiss with frequent leucocratic bands corresponding to transposed 

(I) In the Val d'Aosta section the Gneiss Minuti Complex is exposed from Hone to 
Verres, where the boundary with the Piemonte Zone occurs (Fig. 3). 
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dykes of pre-Alpine age. Several sets of felsic dykes are crosscutting each other. 
An older generation of basic dykes is also present. 

In these augengneisses magmatic K-feidspar, p/agioclase and biotite are still 
recognizable under the microscope. K-feldspar is partly replaced by chess-board a/bite, 
and biotite by white mica + sphene with very fine-grained garnet coronas. Cognate 
inclusions and felsic dykes show similar transformations. 

In all of these rock types a/bite, phengite. epidote and actinolite are the most 
abundant constituents. 

Basic dykes are transformed into two mica-epidote-actinolite rocks with minor 
albite and albite-amphibole pseudomorphs replacing glaucophane. 

C. Eclogites and rela ted rocks of the ophiolitic Piemonte Zone 
in the Breuil area, V altour nanche; panorama of the Dent Blanche Nappe 
(Topogr. Mups l : 25.000: M. CERVINOand VALTOURNANCHE; 1 : 100.000 sheel nr.29,M. ROSA) 

In the upper Valtournanche two main tectonic systems are exposed (F ig. 2b and 
5): a) the Austroalpine Dent Blanche Nappc and b) the underlying ophiolitic Pie­
montc Zone (or nappe), also known as <tComplesso dei Calcescisti con Pietre Verdi: •. 
In thc Breuil area, the D ent Blanche Nappe forms the ridge Ccrvino-Dent d'H erens­
Petites and Grandes Murailles (Fig. 2 b) and is composed, as the Sesia-Lanw Zone, 
of two tectonic units, the Arolla Series and the Valpelline Series, respectively cor­
responding to the Gneiss Minuti Complex and to the II Diorito-kinzigitic Zo~e of 
the Sesia-Lanzo Zone (Co~IPAGN"ONI et al., this volume, section 3.5). 

Also the Piemonte Nappe (BEARTH, 1967, 1973, 1974; D.u PI AZ, 1965, 1974 a and b) 
is subdivided into two tectonic units (the Combin Zone and the Zermatt-Saas Zone), 

distinguished on the basis of different lithostratigraphic and metamorphic features. 
These ophiolitic units originated within different parts of the Piemonte basin (CoM­
PAGNONI et aI., this volume, section 1). 

T he Combin Zone comprises on ophiolite-bearing complex and a basal horizon 
of T riassic marbles and Lower Liassic ca!cschists. 

The ophiolite-bearing complex of the Combin Zone consists of regularly repeated 
calcschists and metabasitcs with greenschist-facies assemblages (prasiniti of the Italian 
literature). T he metabasites correspond to submarine basaltic Aows and hyaloclastites 
(± tuffs and/or tuOltes). Rare metagabbro and serpentinitc wedges and/or olistholites 
also occur. Metacherts, sometimes manganiferous, and chlorite ± albite-bearing schists 
(hyaloclastites with palagonitic alteration?) frequently are associated to prasinites. 
T he latter comprise some concentrations of layered Cu-Fe sulphides. 

T he metamorphic history of the Combi n Zone appears to be characterized by a 
single, greenschist-facies event of Lepontine age. No traces of edogitic assemblages 
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Fig. 5. - GHJloKlc sknc!. map of Ill( Brruil Mea ("PP" YaJlournallch .. ), Mtu/UII ,Ioe ",U .. "al mart'" 
0/ Ih .. 0",/ Blanclie Nap/" and ,ht V,,/Iont delle C,m" Biand! .. (Ay<u VaJ/ry). I) Dcnt Bh ... c/u 
Nappt 11.: Valpdlirw: ~ries (A): Mt. il lane cl ... Cretan-Si"atco &'!cotricri Unit (8); Atol1a Series (C); 
Gabbro of the C<:rvino (D). 2) Comhi" Zone, the upper le<tonic clement of the Piemontc Nappc: 
m~aophioli!ic complex and prc-ophiolitic sequence (E), Triass1c marbles and quanzitcl (F). 3) 2"",011" 

-Saas lOIlt'. the lower I<xtonic clement of IIle Piemonle Nappc: mCla~abbrOi, mctavOICanic~ 3nd sedi. 
mentary cover (G); major uhramafic maS~5 with rod ingilic laycn and d~kCl (H). 4) Wdl preserved 
..clogitc$. 5) Manganifc:rous mClacher\!, 6) Gabbros. 
VT: Vahournanchc; SI: St, J~CquC5; <I) Plate~u Rosa; b) Colic del Tcodulo; c) u go Goilkt; 
J) ~rvino; c) Dent u'Herens; f) Bivacco Balcstrieri; ,) r , Gastaldi Of Cou; h) MI. Bbnc du Oeton; 
/) Colle "'I~iore delle eime Bianche: I) Gran Tournalin; m) Gobba d; Rollin; n) Vallonc delle Cimc 
Bianche, Numl,.,u in squares indicltc the visi ted ,il~" 

have been found, in spite of the strong chemical similarity of these prasinite5 with the 
eclogitic metavolcanics of the Zermatt-Saas Zone, 

The ophiolitic sequence of the underlyi ng Zumau-Saas Zon~ begins with a large 
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Fig. 6. - T"nllf"Y atomic prQPortiQns IQr garncts from tlu Br""i! cr!ogitn and r(lated rocks 01 the 
Z<!1"mOI/-Saas. ZQn(. C) Garnet core; R) Garnet rim. Only the iron·rich portions of the diagram. are 
shown. (After DAL PIAl. and ERSST, in press). 

Fig. 7. _ Proportio"s of sir. fold (oardinoud (a/ions p<!1" lor",,,/o "nit in 8r"I<;1 Na·cli"opyrQr"""s Irom 
ulogitu o"d alated rocks. A) Occupancy of the larger M. site; B) occupancy of the muller M, 
structural position. Dashed lines indicate the locus of 100 ~ctn[ filling of the s;te by the cations 
plotted; slight but .ystemaVc deviations from the lines reR~t small proportions of Mg + Fe'+ residing 
in M •. Solid line. conn~1 analyse. of different grains in samples MRO 857 and MRO 1105. (After 
0 ,\1. PM>: and ERNST, in press). 

slab of serpentinius, followed by discontinuous metagabbros and submarine meta­
volcanics with more or less preserved eclogitic assemblages. The syn- to postvolcanic 
sedimentary cover comprises mostly garnet-chloritoid-ankerite-bearing micaschists 
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(upper Jurassic and lower Cretaceous?), marbles, calcschists and metacherts in places 

m;:lllganiferous. The Zermatt-Saas Zone suffered two different tectonic and meta­
morphic cycles. T he hrst is charaClerized by eclogitic assemblages, with omphacitic 
pyroxenes, garnet, mlife, unoric11led glut/cop/lane, zoisite, white mica, ch/ori­
toid I (?) and probably lawsonite (now replaced by pseudomorphic aggregates 

o( epidOle + white mica). These assemblages predate the thrusting phase and are 
rebted to the early-Alpine subduction metamorphism of upper Cretaceous age 

(DAL Puz el al., 1972; H U NZ1KfR, 1974). The second metamorphic event occurs, 

on the contrary, afler the nappe piling, during polyphasic ductile deformations. 
It developes new generations of glaucophane (gl. Il ± Ill) and chloritoid, followed 
by greenschist-iacies associations of Eocene-Iower Oligocene age (Lepontine event). 

The eclogitic assemblages of the Breuil area are described by G. V. D AL P IAZ 
and W. G. ERNST (in press). 

Analyzcd garnets (Fig. 6) cluster tightly around the average composition Al m66.o 

PY8.1GroSS22.~SpeSS2 . 0 . The chemical zonation measured in onc sample is from cal­
cium + manganese-rich core to an iron + magnesium-rich rim. T here is also an indi­

cation from the onc analyzed core-rim pair that the MgJFe 2
+ ratio increased during 

the course of cristallization, although the absolute changes in cation proportions of 
Ca, Fe2', Mg and Mn are rather small. 

Ignoring the small amounts of En + Fs solid solution (Fig. 7), the average 

composition of the omp/laciles from eclogitic metavolcanitcs is Jd41Acl2D ilH Hd l2. 

The Na-amphiboles approach the N:12Mg;IAbSid022(OH h cnd member in com­
position. Chemical zoning evidently is not pronounced, but tends to enrich the 

grain margins in NazFe;+ AbSisOn(OH )2 relative to the cores (Fig. 8). 

Analyzed Ca-amphibofes appear to be intermediate members of the barroisite­

actinolite series. Where compositional variation occurs, later members of the series 
arc much more actinolitic than the earlier hornblendes. 

Of twelve white micas, nine are paragonites, the remaining three being phen­
gites. Coexisting paragonite and phengite also occur. 

The plagioclases analyzcd from metavolcanites and metagabbros are extremely 

albitic, possessing an average, rather uniform composition of O ro.2Ab9s.1A nl.l. 

Stop 1: PLAN" MAISON - PLAN" T ENDIIE 

Eclogiles and related roks of the Zermatt-Saas Zone and panorama oJ the 
Dent Blanche Nappe 

In the Plan Tend re- Plan Maison area (loc. I, Fig. 5) the volcanic and 
sedimentary cover of the big ultramafic complex of Breithorn-Gobba di Rollin­
Pereres is exposed. 

Small eclogitic layers and lenses are prescrved within more retrograded met3-
basic of basaltic composition. The early-Alpine meta morphic assemblages (garnet, 
omphacite, rutile ± zoisite ± unoriented glaucophane I ± white mica) are over-
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printed by new mineral assemblages charactcrized by glaucophane II and III (some­
times lineated), blue-green ~arroisitic hornblende, actinolitic amphibolc, epidotes, 
sphene ± albite, chlorite and brown-green biotite. In the more transformed eclogites, 
the pyroxenes are completely replaced by a diablastic aggregate of albite and acti­
nolite, giving rise to garnet-bearing albite-amphibolites . 

The associated Mesozoic micaschists comprise quartz, white mica, garnet and 
ankerite ± chloritoid ± chlorite ± actinolite ± epidotes. The chloritoid is partly re­
placed by white mica + chlorite. Relics of glaucophane and rare Na-pyroxene also 
occur. Lenses and small pebble-li ke inclusions of fine-grained and more or less 
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Fig. 8. - Alom;r proporlionl 0/ sir·fold coord;naud ra/ions in Br~uif Na·amph;bo/~s }rom edogi/(s 
and ufatrd rocks (from D"L PJA~ and E~NST, in prC5S). C) Glaucophanc wrcs; R) glaueophane rim!. 
For s.:Implc MRO 8S7, cores werc analyzcd in two different par~ of the microprobe: section. The dashed 
linc denorcl thc boundary between glaucophaoc S.I. and crossice (M1Y"$H1RO, 1957). 

retrograded eclogites are frequently found in the micaschists (Rifelberg-Garten 
Formation; BEARTH, 1967, 1975). Rare metacherts are associated with the metavolcanic 
sequence. At the contact between the serpentinites and both metavolcanic and 
paraschists a thin reaction zone of rodingitic type often developes giving rise to 

Cuich rocks with epidote and diopside. 

Stop 2: EcLOGITES AT BARDONEY (BII.EUIL) 

This outcrop (loc. 2, Fig. 5) comprises typically massive eclogites with ompha­
cite, garnet, rutile ± unoriented glaucophane I ± withe mica ± white mica-epidote 
aggregates probably after lawsonite. 
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Stop 3: ROD1NGlTES "T PERERES 

Along the Valtournanche road, close to the Pereres tunnel (Ioc . 3, Fig. 5), the 
nntigoritic serpentinites of the Zermalt-Saas Zone contain numerous dykes, often 
boudinagcd, of coarse-grained gabbros and fine-g rained metabasics strongly altered 
to rodingilcs (DAL PtAZ, 1967, 1969). 

The rodingites consist of CHich garnet, diopside, epidole, idocrase, chlorite ± 
± prehnite. Relics of magmatic clinopyroxene often occur. The serpentinite-rodingite 
boundary is marked by a narrow rim, either regular or Iobaled, of chlorite schists 
(± diopside and garnet). A coarse crenulation cleavage postdates the rodi ngitic 
assemblage. 
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