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INTRODUCTION

Zonation in minerals can be used to determine the duration of 
metamorphic events or the cooling rate of rocks (Dodson 1973; 
Lasaga 1983; Farver 1989; Eiler et al. 1992, 1993; Valley 2001). 
Diopsides collected in a marble xenolith from the Adirondack 
Highlands (New York) are ideal to perform such analyses (Ed-
wards and Valley 1998). Several authors (Sharp and Jenkin 1994; 
Edwards and Valley 1998; Johnson et al. 2002; Jaoul and Béjina 
2005) have explored the O- and H-diffusion process occurring in 
diopsides from the Adirondack Highlands but studies on possible 
zonations of other elements are lacking. One objective of this 
paper is to check if diopsides have preserved chemical zoning 
of major elements like Mg, Al, Fe, and Si recording the complex 
polymetamorphic history of the Adirondack Highlands. Previous 
O-isotope studies were based on bulk-mineral measurements of 
δ18O performed in different grain sizes, and the authors assumed 
that samples had been isotopically homogenized by the last high-
temperature metamorphism (granulite facies) before cooling 
(Eiler et al. 1995; Edwards and Valley 1998). Another objective 
of this paper is to check the validity of this assumption.

In this paper, we performed detailed electron-microprobe 
analyses and in situ ion-probe δ18O measurements in diopside 
single crystals from the Adirondack Highlands. Results are 
compared with known metamorphic history, and analyzed using 
diffusion data in diopside (Farver 1989; Elphick and Graham 
1990; Jaoul et al. 1991; Ryerson and McKeegan 1994; Sharp 

and Jenkin 1994; Béjina and Jaoul 1996; Pacaud et al. 1999; 
Ingrin et al. 2001).

MATERIALS AND METHODS

Samples
Three diopside single crystals (1.1, 1.2, 1.3) were selected from a single block 

of marble located in the Cascade Slide xenolith in the Mt. Marcy quadrangle, in the 
Central Adirondack Highlands (Fig. 1). These crystals are from sample 1 of Edwards 
and Valley (95ADK-1 1998). The marble forms a metasedimentary xenolith or 
pendant in the Mt. Marcy anorthosite massif (Valley and Essene 1980). 

Diopside grains were extracted from the calcite matrix by HCl dissolution. 
Samples have been selected for their relative lack of cracks and inclusions, and 
apparent purity. Thin sections were cut either parallel or perpendicular to the [001] 
axis through the middle of the crystal (Table 1). The orientation of the crystals was 
determined by measurement of the angle between crystal faces with an optical the-
odolite goniometer, and the orientation of the sample 1.1 was conÞ rmed by single-
crystal X-ray precession photography. Direction [001] corresponds systematically 
to the longest direction of crystal growth. Samples were embedded in epoxy and 
polished down to the 4000 grit with SiC paper, and then down to 0.3 μm with Al2O3 
powder. Samples have a composition close to pure diopside (Table 1).

Metamorphic history experienced by diopside samples
As diopside samples were collected from the Cascade Slide Xenolith, a 

block of marble within the Mt. Marcy anorthosite massif (Fig. 1), thermal history 
experienced by these samples is closely linked to the thermal history of the anor-
thosite massif. The intrusion of anorthosite and related rocks of the AMCG suite 
(anorthosite, mangerite, charnockite, granite) occurred at 1155 ± 5 Ma at shallow 
crustal levels (Clechenko and Valley 2003; McLelland et al. 2004). The tempera-
ture of the anorthosite crystallization was ca. 1100 °C (Bohlen and Essene 1978). 
U-Pb geochronology on zircon, garnet, sphene, monazite, and rutile (McLelland 
et al. 1988, 1996, 2001, 2004; Mezger et al. 1991) shows that this portion of the 
Grenville province experienced regional granulite-facies metamorphism around * E-mail: ingrin@lmtg.obs-mip.fr

New constraints on metamorphic history of Adirondack diopsides (New York, U.S.A.):      
Al and δ18O proÞ les 

G. DESBOIS,1 J. INGRIN,1,* N.T. KITA,2 J.W. VALLEY,2 AND E. DELOULE3

1Minéralogie, LMTG-CNRS-OMP�Université Paul Sabatier, 14 Avenue Edouard Belin, F-31400 Toulouse, France
2Department of Geology and Geophysics, University of Wisconsin, Madison, Wisconsin 53706, U.S.A.

3CRPG-CNRS, BP20, F-54501 Vandoeuvre Cedex, France

ABSTRACT

Detailed electron- and ion-microprobe analysis of diopsides extracted from a block of marble collected 
in the Mt. Marcy anorthosite massif (Adirondack Highlands, New York) shows that single crystals have 
preserved Al-Si zoning features from early contact metamorphism later modiÞ ed by regional metamor-
phism. Diopsides show Al and Si complementary zoning from core to rim; average Al concentration in 
rims is constant (0.11 pfu), but values in the cores vary with crystals from 0.06 to 0.14 pfu. A δ18O proÞ le 
measured with the ion microprobe shows no zoning. Modeling of the Al-diffusion proÞ les affected by 
regional metamorphism of the Grenville orogeny shows that original Al zoning was sharp and corre-
sponds to a rapid change of crystal-growth conditions during early contact metamorphism: (1) diopside 
cores crystallized with variable Al contents due to restricted ß uid circulation or differing sedimentary 
composition, (2) then pervasive ß uid inÞ ltration crystallized the homogeneous rim of diopside, and (3) 
core to rim Al zoning was later smoothed by granulite-facies metamorphism. Homogeneity of δ18O in 
core and mantle (near rim) of diopsides suggests that the crystals were isotopically homogeneous prior 
to and during regional metamorphism. Values of Al-Si diffusion coefÞ cient deduced from modeling are 
in agreement with low-temperature extrapolation of experimental data.
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