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CLINOPYROXENJTE rNCLUSIONS 

IN THE TIUASSIC VOLCANIC ROCKS FROM LATEMAR, 

PREDAZZO, NOH.'rH 1'l'ALY 

AIISTRACT. - Ultrllrnafie nodule9 (diuopyroxenitel! nlld spinel.dinopyroxenite8) 

:Uld one high·prCijsure mcgllcryst froUl L:ldini:Lll \'olcanic rock~ in the Preijazzo· 

Monwni complex a rc examined. Chemical, 0lltieal and isotopic data Bre prel!ented 

about nodules, thcir dinopyroxenes, one high.pre8llure megaeryst and host rocks. 

The pouible genetic hYllothescs are debated on the bll 8 i~ of petrochemical Bnd iso

topie dntn. It. is 8uggc8ted that the nodnle!l nrc cognnte xenolithH l'roduced by 

cryatlll IlCttl ing from an ineontaminated alkali-basaltie mngmn (*'Sr/""Sr = 0.1039) 
in a magmatic chamber at a depth of about 15·25 km. in the tru8t. Then the 

magma was eontnminated (*'Srj""Sr = 0.7052) during il8 uprising. 

The high·prC88nre megncryst (Le) ha~ been produced from the same incontn· 

minnted magma at the boulJdary crust-nllUltle or in the upper mantle. 

UIASSUSTO. - Vengono elltlmillati noduli ultrafemil'.i (elinopirouenili e eiino· 

pirosllClliti a spincllo) ed un IILcg>ll'. r istallo di liltS. pressione inelusi ill rocce vulell

niche dell'areu di Predazzo. Sono fo rniti dnt.i oltici, chirnici ed illOtopid 6U uoduli 

tal quali , 8U pirouelli IlCparnti, all un rnegacri8taUo I'. aulle recce oapi ti. Le pog;· 
bili il)o(ltesi genetiche IIOno dibattute aul la bal!e dei dnti otlenuti j da tale dillCUlI' 

sione e conf ronto ri~ulta che i no(luli sono di originI'. ., cognate:t, prodotti~i per 

., settling:t in mm eamcra nmgnmlica posta IL 15·25 km. di profondit! entro la 

c rosta, da Un mJ~gma incontaminato a rapporto illOtopico ""Sr/""Sr _ 0,7039. Du-
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raute la risalita tale magma si b ovohlto e contnminato nclla roceia ospite a rlIp
poru. isotopico " Sr/""Sr = 0,7052. n megacrist-aJ]o di alta prC8sionc si b originau. 
dui rnedesimo magma illcOlltam.inllto al Hmitc crosta-mllntello 0 Ilella parte ~upe

riore del mlllltello. 

Introduction, 

Som e di kes [l nd necks nssociuted with thc 'l'riassic alkalibasaltic 
volcan ism of the petrographic province of Predll?,l,o·1\Ionzoni (E astcrn 
Alps, NOl'lh Holy) contain ultl'amafic inclusions. Mention is made of 
this in Vllrdabasso (1931), but is restricted to the microscop ic de
scription of two samples. 'I'wo new occurrences were made by the 
authors in volClln ites crossing the r;udinian calcu reous-dolomitic massif 
of L atemnr. 'I'hese occurrences now pcrmit us to return to this subject 
as a furthe., step in the intcl'pretntioll of Predal,l,o·MonzOlli magmatism, 
object of se\'el"lli studies which have been summarized and presen ted 
by Gallitelli and Simooli (197 J). 

The two outcrops are 3 km. from each other. 'l' he first consists 
of a dike, length 2 1II., ill Crouton d. Minera region, in the eastern 
part of T;atemar ; the second consists of a neck, 15 lll. in diamcter, 
in the TJilstei dclla Valsorda rcgion (F ig . 1). 

Various kinds of ultrllmafic nodules have been found in these 
and others oUlc rops (T;ucehini et al., 1973), but the present study 
concerns the two Illain types - clinopyroxenites and spinel·clinopyroxe
!lites - which com p rise almost all the findings; rescarch is still being 
carried out Oil the remaining types of nodules both in the f ield and 
in the laborn.tory. 

Host Rocks. 

Petrography. 

~"licroseop ic examination of the samples a llows the host rock" to 
bc divided into two groups, ilccording to their location in thc f ield. 

1'he Cronton d. Min ern l'ocks display a po"phy ritic texture with 
megacrystais (') of elinopYI'oxene, olivine, minor quantities of pia
gioclases, and more rarely spinels. They arc set in a microcrystalline 

(') I n this ease the term c megac:r,stal, refers 10 large c:ry~t.al, both large 
xenoc:ryst and large phellOllr,st. 



CLINOPYROX,"NITE INCLU SIONS IN THE THIASSIC VOLCANIC ETC. 143 

groulldmuss made up of violet prisms of titunifel'ous cJinopyroxenes, 
stri ps of plllgioclases, magnetite gmnules, spots of chlol'ite and a few 
thin sheets of biotite. Among the lllcgacl'ystals the greatest part is 

for med by clinopyroxenes (2V. = 540 - 6oo, e A z = 37" - 43", diop-

h O"'Q' 

8&1&0·" 

TRIASSIC ROCKS 

E::ZJ volcanic 

[J] sedimentary 

QUATERNARY CJ 
Hm 

d. MINERA • 
24 00 

Fig. I. - Generalized gL'Ologie "'liP and oecurrences location. 

sidic terms), Th ey are ilTegulur in form, often with sin uous edges; 
they are zoned (a colourless core with distinctive violet rims) and ill 

good condition , but can incl ud e slllilll c rystals of serpentinized olivines 
and spinels. 'J' lte form, sizes, zoning and reaction rims all suggest that 
these mcgacrystills JlI'obabily resulted from nodules, and the use of 
the terms XCllOcl'ySts scelllS more appropriate. 
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The olivines (2V = 9D", Foss.to) are subh cdral crystals a lmost to
tally scrpen tinized. 'rhe size of the crystals varies an d often reaches 
that of the microlites ill the groundmass; some crystals include pico
tite an d/ or magnetite. 

T he plagioclases a re present both as unaltel'ed subhedral pheno· 
c r·ysts (An:;:;), som etimes gathered into glomel'Oporphyritic clusters, 

an d as zoned xenocrysts (core AtlS5.!lO , rim AIl4S.50) irregular in form 
an d very clouded. Quitc common among the spi nels is a brown typc 
(p icotit.ic term ), whose s ize and colour varies, and which is often rim
med with 11 corona of magnetite. A rarer t.ype of spinel is the greenish 
amoeboid on e (her·cynitic term ). 

The Lastei della Valsorda host rocks display a porphyritic texture 
with megacrystals of clinopyroxcne ( 2V~ = 59'>, c A z = 43'» and oli
vine (FOss_no) and rarer spin els, set in a mic ro- to c ryptocrysta lline 

groun dmass. This groundmass consists of pl agioclases ( An 5~ ) with an 
obvious flow texture, violet euhed ral titan iferous c!inopyroxenes, and 
opaque oxides. The diffractometric analyses showed that II nalcime exists 
amongst the unidcntified materials. Among the megaerystals, t he cli
nopyroxenes, olivines an d spi nels llave the sam e character istics already 

mentioned fOl· the Cronton d. ].Jinera rocks, but the size and con dition 
of the olivines is more variable. Th ere are also a few large·sized 
(cm. 1.5) crystals of pyroxcne, which show spin el exsolutions (hercy
ni tic type, ao = 8.135 A) lyi ng pfll"llllel to (J 10) of the host (Lc sam ple). 

The pl·esence of several f ragments of rocks torn off during the 
magma r·ising bri ngs about a marked lack of homogeneity in the 
samples. 

Chemistry. 

Five sam plcs were an<llyzed, three of which (36 - 41 - L) were 
from Lastei della Vllisorda, and two (33 _ .I ll b) .from Cronton d. Mi
nera, in an attem pt to Cllnccl the lack of homogeneit.y in the individual 
outcrops. 

The chemical allalyses were earried out according to the diffcren t metho+ 
dologies : SiOz , ll...:!O.l and HzO by gravimetric method; FezOa and MgO by 
atomic absorption spectrophotometry; NazO and KzO by flame photometry; 
MIIO, CaD, K~O, TiOz by XRF; FeO by titrimetric method; P20~ by colo
rimetrie method ; CO2 by ga.svoiumetry. 
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'I,,\(u,£ 1. 

Chemical a,tlatyses, C.l.P. IV . 1lOI'ms, A.iIl .S. normative compositi(nt of 
lite hos' rocks. 

Wt. % 

8iO, 
TiO. 
Al,O. 
Cr.O, 
}'e"O. 
FoO 
MnO 
MgO 
C.O 
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p.o. 
CO, 
11,0 + 
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C.I.P.W. norme 

,u 

hy 

" "b 

"" wo 
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'" f, 
f. 
f. 
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ea 
'<e 

33 

-H.i7 
1.50 

12.00 
n.d. 
4.73 
5.36 
0.15 

12.54 
9,47 
1.77 
1.14 
0.33 
0.38 
4,43 ,.6 

100.13 

6. 73 
14.93 
21.41 
8.78 
6.93 
0.84 

11.78 
1.40 
8.67 
1.15 
6.87 
2.84 
0.77 
0.86 

A.M.S. normative eoml)Ol1ition 

Plagioelase 
Sanidille 
Nepheline 
Clinopyroxc.n6 
Olivine 
Magnetite 
Tlmenite 
Apatite 
Caleite 

37.45 
8,42 

39.79 
8.14 
3,49 
1.36 
0.81 
0.54 

1 11 b 

44.24 
1.71 

14.61 
0.09 
3.17 
6.39 
0.14 
9.86 
9.83 
1.81 
1.81 
0.30 
0.52 
4.97 
1.13 

100.58 

10.68 
15.30 
26.35 

7. 18 
5.14 
1.39 
2.71 
0.13 

11.62 
3,43 
4.59 
3.25 
0.71 
1.17 

41,48 
12.55 

23.59 
10.02 

2.95 
2.12 
0.59 
0.70 

SlImples 33·111 b; from Cronton d. Minera 
Samples 36·41·L : f rom Lustei delta Val8(lrda 

36 

42.19 
lA 2 

14.40 
n.d. 
3.40 
5.11 
0.13 
7.30 

13.39 
3,47 
1.11 
0.31 
2.03 
3.99 
1.34 

99.67 

6.73 
12.41 
20.35 
13.04 

9.46 
2.35 

6.05 
1.64 
4.94 
2.69 
0.71 
4.62 
9.12 

43.41 

10.28 
33.HI 

5.80 
3.14 
0.66 
0.71 
2.81 

41 

43.06 
1.42 

17.87 
0,03 
2.23 
5.71 
0.15 
8.10 

13.10 
3.14 
1.21 
0.39 
0.88 
2.69 
0.54 

100.58 

7.12 
6.60 

31.08 
10.75 

7.40 
2.41 

8.88 
3.26 
3.25 
2.69 
0.91 
2.01 

10.79 

41.23 

13.15 
24 .83 
9,47 
1.98 
1,41 
0.78 
1.15 

L 

43.32 
1.81 

Hi,61 
0.04 
2.66 
5.61 
0.15 
7.72 

13.71 
3.16 
1.09 
0.30 
0.43 
3.40 
0.76 

10o.s9 

6.39 
5.45 

27.94 
14.59 
] 0.] 2 
3.25 

6.3 1 
2.21 
3.87 
2.60 
0.84 
0.98 

11.50 

40.80 

12.50 
36.63 

6.09 
2.40 
0.26 
0.74 
0.58 
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The chemicdl analyses o[ the rocks, the C.LP.'V. norlllS and the 
AMS ca lculation ~ R ittmllnll , 1965) are presented in 'r abic 1. Based 
on the diagram (F ig. 2) und the classification cr'it.eria suggested by 
Stl'eckeisen (1DG7) th ~ host rock u.t Lastei delllt VIlIsor·da. is nn ana.l. 
eime-tephrit.e, whereas thll l. of Cronton d. ~linera is a latitc-basalt. 

Pelrogra.p/ty. 

, " 
, 

, " -'--------"r-O' 

, , , , 
, , 

F 

p 

}'ig. 2. - Q-A·P-F diagram 
of the hOllt rocka - ll1b, 33 
f rom Cronton d. :'finera; 36, 
41, L from Lastei della Vd
sor(]a. 

Clinopyroxeni te Inclusions. 

Tu the Cronton d . ~Iine ra outcrop the inclusions cover a wide 
rllllge of sha pes and sizes. 'rhe shape ,·aries from subspherical to el
lipsoidal, frolll subprisllI utic to thin tiles. The rims a re usually rounded 
in the 11lrger incl usions becoming ungular in the smnllcr ones. 'f he 
sizes vllry from 25 cm. (max. diu meter) to 11 few eenti metel's. 'rhe colour 
nlso vu ries from bright g r'een to ulmost black. The elongated inclusions 
lie with their longer nxis subplll'allel to the direct ion of the host dike, 
und 11I'e concentrated towar'ds the selvages, Ull fo rtullntely it was im
possible to locate this t rend statistically. 

In the Lastei della Valsorda outcrop the inclusions " ary within 
1\ lIurrow range of shapes and sizes. Their biggest is 5 - 6 cm. ill dia-
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metel' and they are usually HIl of on e size with rims ranging from 
rounded to shal'p·edged. Although the host rock is of a prominent 
flow texture the inclusions are l"/mdomly placed. Furthermore, their 
sha pes and sizes could lead to hypothesize their being breccias through 
disintegJ'ation of larger inelusions, a theory which is in accordance 
with the exp'losive ehanlCter of the host J'oek, 

Cli1lopyroxcnitcs. 

Included ill this group are the nodules paragen etically alike but 
different ill grain and textural eharacteristies. Their grain, in faet, 
vHries a great deal f rom one nodule to another and even within the 
one nodule, giving it a banded stJ'ucture. 'J'he cumul itie texture, whieh 
varies [I'om ad - to Illesoculllulitic, is obvious in each of these types. 
fn some nodules we can see trip le-poin t textures which, although pre· 
valent to metamOl'phic I'ocks (Spry, 1969), could nontheless be attri· 
buted to adcum ulitie textures, as has al ready been seen in the strati· 
form ultramafic comp lexes (\Vager and Brown, 1968), or to a reaetion 
between the CUlllul itic phases and t.he int.ercumulus material (Giau
nelli et aL, 1972). J lI some elinopyroxenites the illtcrculIlulus phase is 
still given by clinopYI'oxcne, ill others, however, it is given by clusters 
of chlorite, ehHlcedony and/ or carbonates which may come from trapped 
liqu id, or, in some cases, from olivinc. Many nodul es, especially the 
lilrger ones, al'e variably CHtaciasis, with fraetures wh ieh ean break 
up even indiv idual crystals into many parts. 'l'h ese fraetures arc 
uSllaIly f illed with carbollates ami transformat.ioll produets. 'J' he eH· 
lIopyroxenes (2V. = 56°, c A z = 39<', aver-ages of 60 readings, d io p. 
sidie terms) vary from subidiolllo rphie to a llotriomorphic, are sligtJy 
pale-green coloUl'ed, neither twinned 1I0r d isplay exsolution lamellae; 
chemical allalyses a l'e given in Table 2. 

Spill el.cli1Iopy,·ox e /lit es. 

'r hese incl usions re,l ch a maXllllum di ameter of 5 em . . 'l'h e gl'ain 
size is 011 ave l'age 0.60 mill. (0.20 - 1.40). 'J'h ey have a t~'pieal eu· 
mulitie texture with clinopyroxencs as their adcumul us phase and 
spinels as the intcreumul us phase. 'l'he modal percentages of the single 
components vary over a narrow range : cliuopyroxenes 80-8270, spi. 
nels 10-13%, alteration produets 7.8%. The clinopyroxenes (2Vz = 58", 
c A z = 400, averages of 100 readings, diopsidic terms) are allotrio· 
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morphic, with a sl igh t greenish coloUl'ing, nei ther twinned nor display 
exsolution lamellae; theil' chcmiClI 1 lI11alyscs are given in Table 2. 
'I' he black spinels are close to muglleti te (magnetite-magnesiorerritc, 
no = 8.36-8.37 A), 

Marginal reactiolls between 1lOd1tles and host rock. 

The nodulcs show cleat' signs of reaction wit h th e host magmn . 
In particular, th el'e is an obvious pink ish-brown zoning which uf
[Pets the rims of the pyroxencs situated Oil the cdgcs oC the nodules; 
this phenomenon can also be secn in the elinopyroxenes OD the in
side of thc nodules coming into contact with the magma which has 
penet rated along the rims of the graiJ]s_ Host mngma aggression 
CU ll , in a few CIlSCS, Icad to a compl ete brea k-up of the nodules, mJ(1 
the cl'ystals spI'ead ove l' the g l'oUlJ(itnllss dea d y show their xenocryst 
onglll. 

In these cnses th e zoning on the rims CHn be extendcd or show 
characteristics similar to those of the g l'oundmass pyroxenes, 'Vhen the 
clinopy roxen es hllve a ligllt-grcen colouring, a colourless interm ediate 
zone can be seen betwcen the pinkish-brown outside l'im Ilnd the COI'e, 
'I'he margillai interaction in some nodule8 is a lwllYs shown by un in 
c('ease in thc clinopyroxeucs nlong the rims with th e result that they 
a re well-fini8hed IIn d are bigger compared to thc in ner individual ones. 

Chemistry. 

Nine elinopyroxenes were IUHl lyzed, 6 f('om clinopy roxen ites, 2 
horn spinel-elinopyroxenites an d one high_prcsstlloe megacryst ( I.lc), 
The sa mples were chosen on the basis of microscopic cxaminations of 
more than 70 thin sections. Th c chemical ann lyscs II nd the atomic 
ratios (0 = 6) are given in Table 2, whi le the py roxene eomponents 
calculated from the ana lyses of Tnble 2 ,lccording to th e meth od by 
Kushiro (1962) HJ'e given in 'I'nble 3. From the dntn obtnined we cnn 
sce that there is I~ homogencous group or nnnlyscs loclcvan t to snm plcs 
J ,7,34,37,A,C (f rom clinopyroxenites) and a second group made up of 
Sil mples 2,41 (from spi!:el-clinopyroxenitcs); Sl:lmple Le is completely 
diffe rent. The essential difference between the two groups can be re
duced to a differen t P e toL, and Cr~OJ content ( ratio 1 ; 10) whereas 
f.JC is completely d ifferent due to its higll Al~OJ ' TiO~ and Na~O 
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contents and tll e lower CaO content. Tn the Ca-~Ig-Fe diagram, Fi
gure 3, the fir'st group falls in the diopside field, the second on t he 
boundal'Y of the field with salite, and [;c in the llugite field. 

, , 
5'~----~-o,-----cf'0c--------

• • .. • 
1 i . 37 

• d' 
" • 

,,. 
• 

45''-----------~~-,,----"'r Lo J.O 

, , , 
, , , 

• c 11~ ... " .. 

Fig. 3. - Ca i\{g - 1-'e diagram. Solid tirde: epx from nodules 
(this work); open eirele: ell): from pyroxenite mass (unJl. (lata); 
solid t riangle: epx Jlhenoerysts in 11I1'IIS (T,ueehini et al. 1010); 
open triungle: epx from ultrmnafie nodule ill eamptonite dike 
(Lueehini et (ll., 1969); solid square : high· pressure megacryst 
(this work). 

Initial Strontium Isotopic Composition. 

For a further investigation Oil the origin of the utramafie nodules, 
the H7Srj'Oj6Sr initial ratio has been measured on the einopyroxenes 

from the nodules and on the host rocks 'l'his kind of determination 
can be usefu l, as demonstrated by var ious Authors (Compston and 
Loveri ng, J 969; Stuebel', 1969; and othel's) especially it can be inter
pretated with other petrochem ical parameters. ] n fact, in a very simple 
way a diffe rent initial 8'S rj8USr in I'espect to the host rock means a dif
ferent pr'ovenanee of the nodules (accidental origin); the equality does 
not help for the accidental origin and is consistent with a eognate one, 
but finally, as pointed out by Compston and I,overing (1969), more com
plicated schemes can be envisaged to justify different isotopie compo
sitions with a cognate origin , so that the Sr isotopic eomposition alone 
is of poor utility if not eOllnected with the other chemical and petro
logical data. 

Measuz'ements of Rh and SI' wel'e made by the isotope dilution technique 

using an Atlas CH4 Illass speetrometel' equipped with an ion multiplier; 

K was measured by atomic absorption using a P erkin·Elmer spootrophoto· 
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meter. SI' isotopic c.omposition was determined 011 nnspiked samples usillg an 
A t;l mod. 503 S mass spcctromcter. 'rhe ohtained values were normalized to 
the value of sea-watel' strontium . 

Th e obtained results are shown in 'l'able 4. It is evident that the 
mean value of initial 81Sr/ StISr is different from host J'ocks to the no
dules pyJ'oxenes, being significHnt loweJ' in the last. ones; this fact is 

TABL~~ 4. 
Rb, Sr contents and Rb/ Sr aJld 87Sr/ H6Sr ratios. 

Snmple Rb ppm Sr ppm Rb/ Sf " Sr/'"Sr· "'Sr/"Sr · · 

HOST ROCKS 

Cronloll. d. Minera 
H I a 
111 b 

La81ei della Va18ordo 
I,I, 

I,' 
L7 

CLlSQI'YROXF;);'lTE NODULES 

Cronton (I. Miner:< 
Laatei delln Valsorda 

]>YROXENbS 

52 
.2 

68 
73 

167 

2 .2 

3.2 

:I) from SIJinel·elinopyroxenite 
2 

nodule 
1.3 

b) from elioopyroxeni te nodules 
7 

34 

e) high·pressure megaeryst 
L, 

(I ) f rOIll pyroxellite mass 
;\Ialg. 

e) from skarn 
Sk 

normalized to "Sr/""Sr = 0.lU14 
... eorreeted for 217 m.y. 

OA 
1.7 

3.4 

I.' 

2.2 

<60 

'80 

<8, 
562 
15fi 

15 
13G 

85 
68 

55 

81 

0.113 
0.086 

0. 138 
0.130 
1.107 

0.029 
0.024 

0.028 

0.005 
0.02G 

0.040 

0.033 

0.027 

0.7067 
0.7069 

0.7059 
0,7052 
0.7151 

0.7068 
0.706:~ 

0.7048 

0.7032 
0.7037 

0.7040 

0.7058 

0.7065 

0.7057 
0.7061 

0.7050 
0.7042 
0.7055 

0.7068' 
0.7063' 

0.7048 

0.7032 
0.7037 

0.7040 

0.7058 

0.7065 

2 - The higher values of S I' ralios of Ihe no(lules if eomparatc(l to n,ose of their 
clinopyroxcnes lire due to veinlets of seeondary minerals erossing the nodulea, 
i.e. caleite. 
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also evident f rolll the Pigul'e 4, in which a 2J7 m.y. isoehron has been 
drawn ( the 217 m.y. llge has been chosen on the basis of some unpu
blished Kj Ar age determinations on th e Latemar rocks) together with 
the points relative to the clinoPYI'oxcnes from the nodules and hom 
total host rocks. The isotopic results will be commented, taking into 
Ilccount the different genetic hypotheses, together with the geochemical 
and petrological evidences. 

Sr'i'S!""r---- ----- --------- - --, 

0 .115 .------
~~ollo 

\'!IO~ ", 
0 .710 HOST ROCMS 

/ • 
0 .705 • 

\ 
PYROXENES rROM NODULES 

0 .100 , , 
~~ig. 4. r8OC)hron line of the Lo.lemar Ilost roeks , howing tbe initial ratio 
078rl"'"8r ... 0.7052. [aoehron line : 217 ± 25 m.y. 

Petrogenesis of the UIt1amafic Inclusions. 

The study of the ultramafic nodules is of considerable interest 
because it lIlay provide information on the upper Illantle and on the 
origin of bllsaltic Illllgma. At present we know of more than 200 places 
in the world (Forbes and KUIlO, 1965) where ultl'ama fic inclusions are 
found in basaltic rocks. Among the more plentiful nodules we can find 
the lherzolites often associated with the duuitcs, harzburgites, wehr
lites, pyroxenites or gabbros. ']' he Authors who have takcn an interest 
in the problem of ultramafic inclusions have constructed various hy
potheses on their origin in connection with the origin of basaltic magma. 
The hypotheses can in essence be reduced to J ) xenoliths of the upper 

B • ...tko"U 8.l.Y.P •• 11 
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mant.le; 2) residues of partial melting of the upper mantle after ha
ving produeed basalt. Illllgma; 3) c cognate xenoliths :t both as producL~ 
of erystal settling f l'om primordial magmas and 4) as products of 
crystal settling fl'om magmas now known as the 11OSt. rocks; 5) acci
dental xcnolit.hs of crustal rocks cl'osscd by the rising magma; 6) reac
t.ion of the magma with carbonatic rocks, and pllrticularly as regards 
the pyroxellite inclusions. 

In ol'dcl' to try to explain tile origin of the f.Jatemar incl usions and 
their eon ncction wit h the host. l'oek we compal'e the analyt.ic results 
with those already published ill relation to the above·listed hypotheses. 

1) X euolillts of the upper malltle. 

The Authors pl'epnred to COllside r the ult.l'nmafic inclusions as 
xenol iths of the upper mantle (Ross et al., 1954; H arris et al., 1967; 
Ernsl , ] 965; Aoki and Kushiro, 1968; Kurat, 1971 ; and others) refer 
to the well-known spi nel- Iherzolites inclusions and/ or garnet.lherzolites 
with parngeneses given by oliville, orthopyroxenc, cli nopyroxene, spinel 
and/ or garnet. None of the nodules st.udied shows /lily sueh parage
nesis, but Kutolin (1970) admits that. there may be pyroxenites in the 
upper mantle, and aceounts for their rarit.y by the fact. that. t.hey 
break-up easily while the host mngma is rising to the surface. 

These elinopyroxcnites, howevel', are really Cr-dio\lsidites (Ku
tolin and Frolovl\, ]970), wh ich differ eonsiclerllbly f rom the st.udied 
samples from a ehemiea l point. of vicw. However, accepting that the 
mantle is heterogeneous both vertically and areally (Barris et al. , 
1967), heterogcneity shown by Jaekson and Wright in the Hawaii 
(1970), Il hypothesis could be fOl'med on t.he origin of t.he T~atema l' in
inclusions as eoming from the uppel' mantle in a pyroxenite shell whieh 
is Cr-and Ti-poor. As regards the isotopic composition, the average 
va lue obtnined is perfectly compatible with 8n origin of this type 
(Armostrong, 1968); however if we eonsider the cmnulitic text.ure and 
t.he chemical composit.ions, this hypot hesis is impl·obable. 

2) Resid1tes of partial meUi,lg of Ihe 11pper mall lie after having pro
duced ba.salt magma. 

If we consider th e uppel' mantle to be composed of bot.h pyrolite 
(Ringwood, 1966) nnd websterite - 60% bnsnlt and 40% per idotite 
(Kutolin Hnd Frolova, 1970) - or similar to the silieate phase of the 
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average bronzite chondrite ( I<UIIO an d Aoki, 1970), it is more probable 
that, Crom the partial melting of this upper mautle, wc obtain perido
tite residues. On this basis, such 1.111 origin for the elinopyroxenites 
untlfr study eUIl be dismissed, even if the low isotop ic ratio (87Sr/ 
/~6Sr = 0.7039) of the clinopyroxenes would be com patible with this 
origin. 

3 ) c CO{Jllate X enoliths * as cryslat settling from p,imordial magmas, 

Since the Se1Ult lo.to basnlt magmas come from the mantle, the ul
tramaJic inclusions, as crystal settling from primordial magmas, should 
come, at. the most, from the crust-mnntle boundary, IInd consequently 
rcflect. their chemical- physical conditions. A similar ol'igin was sug
gestcd for the series of dunite,wellrlite-eclogite incl usions of Hawaii 
and other places (White, 1966; I{UIlO, ]969 P. and b) and nlso for the 
well-known high pressure megllcrysts contained in the lava (Kullo, 1964; 
Binns et al., 1970 ; Friseh and Wright, 1971 ). 

By comparing the c.hemici\ l compositions of these findings with 
thc pyroxenes of the inclusiOlls studied, this hypothesis is wllikely 
whereas the megacryst ( IJc) shows a clear affinity with these pre
viously mell'tiolled. The isotopic results, however, do not, show any dif
ferences, and are compatible with all origin in a primi tive magma with 
isotopic rutio 8TSr/S6S r = 0.7039. 

4) PrOd1tcis of crystal sd tli)1g from magmas 1vhich aJ'C 'IIOW kJlOum as 
the hosl rocks. 

Various types o[ ultramaf ic inclusions are ascr ibed to such an 
origin ranging from lherzolites to pyroxenites (Frechen, 1948 and 1963), 
feldspar peridotites (White, 1966), lherzolites (O'Hnra a.nd Mercy, 
1963 ; Brotzu et al., 1970 ; and others). However the majority of re
searches accept such an origin for the pyroxenite and spinel-pyroxe· 
nile inclusions (Wllite, .1 966; Aoki, 1968; Aoki and Kushiro, 1968; 
Aoki , 1970; Kutolin and F rolova, 1970) . These last Authors hypothe
sizc such an origin by compal"ing the chemical I1 l1d/ or textural com
positions of the pyroxenite inclusions and their phases with those of a 
per iodotite type. The isotopic datl1 obtained are not compatible with 
this origin , as there is a s ignificant difference between the 818r/ 868r 
ratios of the host rocks and those of the clinop;yroxenes of the inclu
sions. However the Late.mar clinopyroxenites with or without spine1 
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show a texturnl and paragenetic affinity with the world elinopyroxe
nites, and again, the !\u!\lysed elinopyroxenes resemble one allother in 
chemical compositioll_ 

5 ) AccideJltal xe110litlts of crus/at rocks crossed by tlte risiJlg magma_ 

Some other Authors, incl uding H amad (J963), Kopecky and Sat
tran ( 1962), hnve also nttr ibuted such all or igin to the ultralllafic in 
clusions. The stratigraphic series in Predaz1.O region , 011 the basis of 
present knowledge, does not include ultrnmafie Illnsses which are intru
sive at depth , nor is th ere !lny gcological evidence fO l' such, However , 
ill the area studied , there are slllall pyroxell ite masses connected with 
the intrusive cycle, bu t their parngenesis and I>yroxene composition 
are <plite different from the inclusions. 'J'h us we can exclude this hy
pothcsis; furt. hCl' confirmntion is given by the isotopic ['csult obtained 
from a pyroxene separated from a Predazzo pyroxenite (8iSr/ 86Sr = 
:::; 0.7058) which is clenrly higller than that of the inclusions pyroxelles 
(61Sr /86Sr = 0.7039). 

6) Incl1ts10ns as a reaction of lite magma. with. carb011utic rocks, 

The iorlll ntioll of sJllflll pyroxenite Ill asses as a result of the assi
milntion of carbonatic rocks by silicate mngmfiS is a theory sustained 
by many Authors, including Tilley and Harwood (193J ), Upton (1967) ; 
the reaction of a carbonatitic mngmll 011 silicate rocks brings about the 
same result (Upton J967). As regards the second possibility, in Pre
dnzzo region there is no evidence that ea rbouatitic magmas exist. As re· 
gards the first possi bility, if we compare the chemica l com positions of 
the pyroxenes of the Latemar inclusions with the diopside pyroxenes 
from ska rns (Deer et al., J96311; l'-' rnllcis, J958) we ca n see a close re· 
semblance in composit ion. However the obvious cUllI ulitic texture 
throws doubt on this origin, unless we wfint to identify the banded 
structure of some inclusions with the structural reasons ror the ori
ginfll carbollatic wall rocks. The isotopic results, however, let us dismiss 
this hypothesis, as there is n considerable differenee between the iso· 
topic compositions of the earbonntie wall rocks 818r/ 86Sr = 0.709 
(Borsi et al., ]968) and of one pyroxene (l ) from a skllrn (81Sr j8eSr = 
:::; 0.7065) ami that of the pyroxenes of the nodules (81SrStl/ Sr=0.7039), 

(") Sample Sk from a eka rn at Malgola, Predauo region. 
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Discussion and Conclusions. 

The SUlllmary of the possible origins of the clinopyroxenite i.nclu
sions, with the petl"Ochemical, textUl'al and isotopic data, lead us to 
reject all the hypotheses so formed as being unable to explain the origin 
ill full. It must be remembered that in the petrographical region of 
Predazzo-Monzoni - with an llverage isotopic ratio 87Sr/86S r = 0.705 
(Borsi and Ferrara, 1967) - some gabbro rocks were found with a 
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.Fig. 5. - Relati\'e proportions of AIVI with AIIV of the elino· 
pyroxenes. Symbols are t.he 3Jlllle 3S those for Figure 3. 

87S r/86S r = 0.7037 isotopic ratio, associated with several others with 
n higher isotopic ratio. Such gabbros were assumed as representative 
of the original magma (Borsi et al., 1968). Th erefore a «cognate 
origin» is proba ble trough settling in i1 primitive magma. (S1S r/86Sr = 
= 0.7039) wh ich later was contaminated and developed in the host rock 
(81Sr/86Sr = 0.7052). 

'Ve can now try to determine the physico-chemical con ditions in 
force when the py roxenite inclusions were forming, if we consider thnt 
the chemical composition of the py roxcncs reflect the environmental 
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conditions of their crystallisation, as shown by several experimental re
search papers (Boyd and England, 1960; Clark et al., 1962; and others). 
In particular the relative proportions of AI, in tetrahedral and octa
hedral site in the cl inopyroxenes are related to the P - T conditions 
of their cristalli~atioll, as a high temperature aids the entry of Al in 
tetmhedral s ite, whereas the high pressure aids the entry in oetahedl'al 
site (Thompson, 1947; White, 1964; Aoki and Kushiro, 1968). Aoki 
and Kushiro (1968) suggested the Al'v_Alv, diagram shown in F'igure 5, 
iu which we can distinguish the areas where there are clinopyroxel1es 
of different origin. We call see that it is not only the pyroxenes of the 
TJatemar nodules which fall in the field of the inclusions in basaltic 
rocks, but also the phcnocrysts of lava f rom the same magmatic region 
and the l\falg. pyroxene £rom py roxenite. However the division of 
Allv_Alvl does mean different origin conditions, so it seems more reaso
nable t.o take the relative proportions of pyroxene components calcu
lated by Kushiro 's method (1962) rather than basing it on the part i
tion of one single element. 

Jt has t'ecelltly been showll that the diopside which crystallizes in 
the d iopside-anorthite syst.em contai ns the component CaAI~Si06 in 
solid sol ution (Hyton en and Shairer, 1961; Clark et al., 1962; and 
others) and that the quantity in solid solution is in relation to the phy
sico-chemical cotlditions up to 20 Kbars, at which pressure it appears 
as an indipendent phase (Clark ct (11., 1962). Recent mineralogical and 
petrologica l studies show that the components CaAhSiO(\ and NaAISi~O(l 
in the diopside-hedenbergite solid solution series increase as the pres
sure increases, whereas th molecules CaTiAJ:!06, CaFe2Si06 and 
CaFeA1SiOo are in relation to the chemica l condition of their crystalli
zation (Aoki and Kushiro, 1968; I.overi ng and White, 1969; Binns, 
1969; Aoki , 1970; and others). 1n pal·ticular, by using the diagram 
suggested by Aoki (1970) produced in Figure 6, we can notice that 
there is clear separation of the pyroxenes depending on the formation 
environment. The pyroxene phenocrysts from the lava, and the py
roxene from the pyroxenites, fall within the low-pressure f ield, whereas 
thc pyroxenes from the nodules, except fo r two (2 and 7), fall in the 
higll pressure field in a limited area. Samples T.Jc and c6, the latter 
coming from an ultramafie nodule in eamptonite, also fall in the same 
field, but clearly separated from the others. By comparing the data 
from literature with thosc of the Latemar samplcs, we cau extrapolatl' 
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the pressure conditions and, conseq uently, the origin depth. For pyro
xenes containing CaAl2Si06 in a quantity higher tllan 5% origin pres· 
SU1'es ubove 5 Kbars are shown ( Kul1o, 1964 ; Aoki, 1968; Aoki and 
Kushiro, 1968; Aoki J97 1), f rom 4% to 11 % pressures of 6-7 Kbnrs 
(Aoki and Shiba, 1973), from 8% to 13% a depth of 25-35 km (Aoki, 
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Fig. 6. - Relative prOIXlrtjons of CRAl.siO. + NaAJ8i.O. eompo· 
ncn tl! and CRTiAJ,O. + CaFeAISiO. + CaFe.SiO. eomponenlt! iD 
elinopyroxenell. Symbols are the I18 l11e as tholl6 for Figure a. 

J968). In the case under study 811 origin pressure of about 5-6 Kbars, 
and a depth of about 15-25 km can be hypothesized for the group of 
pyroxenes from the incl usions (Ca-Tschel'lll llk 270-6%). As regards 
sam ple Le (C8-Tscherm ak 19_9 %) un origin is hypothesized at a COll

s iderably greater depth. 
1n conclusion, the clinopyroxenite inclusions are «cognate .xeno

liths:t which resulted from cumulitic phenomena in a tnllgmatic cham
ber at a depth of 15-25 km within the erust from an ullcontaminated 
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magma which, on risin g upwlII'ds, was contllminated and developed in 
the host rock. 'rhe megacryst Le, although coming from the same UII

cOlltaminllt ed mllgntll, formed at the boundary crust-mantle, or in the 
upper mantle. 'I'his is confit'm ed by the findings of high-pressure me· 
gacrysts of Kuno (1964), Aoki ( 1970), Best ( 1970), Binlls et at. (1970) 
Fritsch Ilnd Wright (1971) . 
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