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Retrogression and recrystallization of the Stak eclogite in the northwestern Himalaya:
constrains from Raman spectroscopy of residual pressures of quartz in garnet
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Several eclogites have been reported along the western Himalayas. Among them, the rocks in the Stak
massif in northern Pakistan were extensively retrogressed and Le Fort et al. (1997) was the first to
recognize the relict evidence of eclogitic metamorphism. Recent study by Lanari et al. (2013) unravelled
the condition of this eclogitic metamorphism, 750 °C and 2.5 GPa, using electron microprobe X-ray
compositional mapping. These results suggest that the rocks in the Stak massif have undergone high-
pressure metamorphism, ~ 2.5 GPa. We present residual pressures preserved in quartz enclosed by garnet
in the Stak massif and discuss the evolution of pressure (P)—temperature (T) conditions of the unit
together with new U—Pb ages of zircon grains measured in-situ using SHRIMP.

Residual pressure is commonly preserved in a mineral enclosed by a sturdy metamorphic mineral, such as
garnet, and detected as a frequency shift of the Raman spectrum (e.g., Nasdala et al. 2003). Kouketsu et
al. (2014) recently calculated the residual pressure of quartz inclusion in garnet and proposed a method to
constrain the metamorphic P-T conditions using the residual pressure. We used this method to evaluate
the P—T conditions of quartz grains in highly retrogressed Stak rocks. We measured Raman spectra of
more than 100 grains of quartz from five samples. The quartz grains in garnet show residual pressures of
up to 0.52 GPa, which correspond to the metamorphic conditions of 1.6 GPa at 600 °C and 1.8 GPa at
700 °C. The evidence of high pressures, ~ 2.5 GPa, calculated by Lanari et al. (2013) was not detected by
the residual pressure of quartz inclusions in garnets.

Zircon grains occur both within garnets and the matrix and are all small, <50 um, which makes the
separation difficult. Therefore, U-Pb ages of zircon grains were measured in situ using a SHRIMP. The
ages range from 158 to 27 Ma. Zircon grains containing low Yb and low Th/U, < 0.03, yielded the age
between 36-30 Ma. The compositions suggest that they are metamorphic ages, but the values are much
younger than that of the peak UHP metamorphic ages for the nearby eclogitic units: ~ 51 Ma for the Tso
Morari massif (St-Onge et al. 2013) and ~ 47 Ma in the Kaghan massif (Wilke et al. 2010). Considering
the proximity of these eclogitic units, it is difficult to consider ~ 36—30 Ma as the peak metamorphic age.
Furthermore, the Stak massif occurs adjacent to the Nanga Parbat-Haramosh massif (NPHM) and the
metamorphic ages of the granulite-migmatites of the massif vary from 25 to 30 Ma (Zeitler et al. 1989).
Based on the evidence, we suggest that the rocks in the Stak massif were heated to amphibolite to
granulite facies conditions with NPHM at around 36-30 Ma and are almost totally recrystallized after the
peak metamorphic condition. These data imply that the Stak massif continued to underthrust beneath the
Asian plate while the other HP and UHP massifs in the western Himalaya were exhumed.
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