
Garnet zoning pattern and growth 
mechanisms in eclogites: A case study from 
the Zermatt-Saas-Fee ophiolite, western Alps
Skora, S.(1), Mahlen, N.(2), Baumgartner, L.P.(1), Johnson, C.(2) & Pilet, S.(1)

(1)Institute de Minéralogie et Géochimie, Université de Lausanne, BFSH2, 1015 Lausanne, Suisse. Susanne.Skora@im
g.unil.ch, Lukas.Baumgartner@img.unil.ch, Sebastien.Pilet@img.unil.ch; (2)Department of Geology and Geophysics, 
University of Wisconsin, Madison, WI, USA. mahlen@geology.wisc.edu, clarkj@geology.wisc.edu 

In general, the rate-limiting kinet-
ics of porphyroblast growth have been 
proposed to be heat flow-, interface- 
or diffusion-controlled. The latter two 
mechanisms may produce significant 
disequilibrium between porphyrob-
last and bulk matrix. Element compo-
sitional zoning in minerals provides 
a mean to distinguish between the 
different growth models. Radius-rate 
relationships assume that all porphy-
roblasts precipitate the same chemi-
cal composition at any point in time, 
and compares normalized distances 
between two close compositional 
contours with the normalized average 
radius at that point in time.

Garnets from the Zermatt-Saas-
Fee eclogites (western Alps) are 
strongly zoned in major elements 
(Fe, Mg, Ca, Mn) as well as in the 
HREE+Y. Mn content decreases to-
wards the rims whereas Mg system-

atically increases. Fe first increases 
and then it decreases towards the 
rim. Ca shows small concentration 
variations, which may differ from 
grain to grain. In detail, all zoning 
patterns may reveal additional small 
maximum and minimum concentra-
tion values. Radius-rate relationships 
of garnets of the Zermatt-Saas-Fee ec-
logites suggest that the garnet growth 
was interface-controlled with respect 
to major elements. Hence no appreci-
able diffusion halos were present in 
the matrix surrounding the garnets 
during growth. 

Gd+Tb+Dy are typically depleted 
in the cores but contain at least one 
prominent spike towards the rim. The 
heaviest REE, Er+Lu+Yb, display 
large but narrow spikes in the garnet 
cores, as well as additional small 
maximas towards the rims. The varia-
tions in trace elements are particularly 

useful in tracing garnet growth be-
cause they are tracers monitoring gar-
net growth without significantly influ-
encing its rate of growth. Y peaks in 
all garnet sizes generally correspond 
to each other within distance, width 
and concentration, suggesting that Y 
equilibrated in the matrix (bulk rock). 
However, Lu concentrations in the 
cores of smaller garnets are always 
elevated relative to Lu contents at the 
corresponding distance from the rim 
of bigger garnets, suggesting a com-
bination of control by the distribution 
coefficient for Lu, as well as develop-
ment of Lu-depleted halos surround-
ing earlier formed garnets. Irregulari-
ties in the core to rim profiles of the 
REE contents are interpreted to reflect 
breakdown of other minerals in the 
rock during garnet growth.
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