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INTRODUCTION AND SETTING

A discontinuos belt of elongated ultramafic rock bodies (mostly serpentinites) occurs in the Eastern
Cordillera of the central Peruvian Andes. One of the main occurences is the Tapo Massif, a lense-shaped
serpentinite body, ~2 km x 5 km, comprising small podiform chromitite deposits (Castroviejo et al.. 2009)
and bands or lenses of garnet-amphibolite, both strongly sheared and thrust upon the upper Paleozoic
sediments of the Ambo Group (Fig. 1). Metabasite geochemistry suggests a mid-ocean ridge or an ocean
island protolith. The whole sequence can be interpreted as a disrupted ophiolitic complex (Castroviejo et al.,
2010). The geological setting of the Tapo occurrence 1s described by J.F. Rodrigues et al. (2010). To get
information about its geotectonic setting we applied new geothermobarometric techniques to the garnet
amphibolite. Finding representative samples with an adequate mineralogy to apply these techniques is in this
case a difficult task. A common problem is the almost ubiquitous overprinting by serpentinisation or
retrograde metamorphism and, locally, by metasomatism or alteration enhanced by deformation, producing a
variety of rock types, as rodingites, birbirites and listvaenites. Nevertheless, careful sampling followed by
petrographic examination of the rocks allowed to identify some samples in which useful assemblages are
present.

ASSEMBLAGES AND MINERAL CHEMISTRY

We selected three garnet amphibolite samples’ ( 090606-2, 090606-3 and 270607-7, Fig. 1) which contain
the assemblage garnet-Ca-amphibole-epidote-chlorite-albite-quartz-titanite-ilmenite. Additionally
clinopyroxene is present in sample 090606-3. This assemblage points to conditions of the albite-epidote
amphibolite facies.

Gamet is essentially an almandine-grossular solid solution (almandinegss.qgrgrossularg»s.o4spyropeg ;.
o1sSpessarttiteg o 011). Almandine and pyrope contents increase from core to rim, whereas spessartite
decreases and grossular contents show little variations. Amphibole compositions vary strongly between
samples: in sample 090606-3 amplibole 1s actinolite to magnesiohornblende (Na 0.10-0.66 apfu, Na, 0.0-
0.66 apfu, Xy, 0.42-0.68), in sample 270607-7 magnesiohornblende to tschermakite (Na 0.58-1.03 apfiu,
Nay 0.36-0.82 apfu, Xy 0.25-0.46) and in sample 090606-2 tschermakitic hornblende to tschermakite (Na
0.05-0.80 apfu. Na, 0.3-0.5 apfu, Xy, 0.41-0.58). Epidote composition within all samples varies strongly
(Xpistacie=0.4-0.9) confrasting that of chlorite (S1 5.3-5.7 apfu; Xy 0.35-0.51). Clinopyr oxene composition is
diopsidey s o sshedenbergiteg 2 9 3pacmiteg g7.o j00rthopy roxene o2 o 0stschermak component oz o97. Plagioclase
is mnvariably albite.

GEOTHERMOBAROMETRY
We calculated pseudosections for the three metabasite samples using the PERPLE X software package
(Connolly 2005). The thermodynamic data set of Holland & Powell (1998, updated 2002) for minerals and

aqueous fluid was used. Calculations were performed using the following solid-solution models: for epidote,
carnet,  plagioclase,  clinopyroxene, omphacite, amphibole and  chlorite by  Holland
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& Powell (2003) and Powell & Holland (1999). For the calculation of the pseudosections the major
element compositions analysed by XRF were simplified to a 9-component system (Si0,-T10,-Al,0;-
FeO-MgO-Ca0O-Na,0-H,0-0,) normalized to 100% (Table 1). Water contents were augmented to
excess water conditions that are considered to have prevailed during peak PT-conditions. Oxygen
confents were arbitrarily chosen to account for epidote and Fe®*-rich clinopyroxene present in the
samples. Calculated compositions of minerals provide good coincidence with measured ones (Table 2)
except partly for amphibole, because solid solution models for amphibole are still not optimal.
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CONCLUSIONS

We can restrict the peak metamorphic conditions for the Tapo Ultramafic Complex to 12.5+1 kbar and
535£20°C corresponding to 41-48 km burial depth (calculating with a mean crustal density of 2.8
g/cem) and a low metamorphic geotherm of 10-13°C/km. Such conditions occur in subduction settings
and collisional belts. Similar conditions were derived e.g. by Massonne & Calderon (2008) in a
Devonian collision zone between an exotic microplate (“Chilenia”) and the South America. A
comparable situation might also be conceivable for the situation in the Eastern Cordillera of Peru.
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TABIE 1
(a) Whole rock compositions of
metabasite (b) Simplified compositions used for
calculations of the pseudosections
090606- 090606 270607 090606 090606 270607-
(WE-%) 3 2 T (wt%) 3 2 7
Si02 49.43 40.01 40.35 Sio2 47.28 41.51 39.30
Al203 11.55 10.11 10,99 ARO3 11.05 10.49 10.70
Fe203 14.13 21.86 23.35 FeO 12.18 20.43 20.49
MnO 0.15 0.18 0.25 MnO 0.14 0.19 0.24
CaO 10.84 8.11 8.88 CaO 10.37 8.41 8.65
MgO 6.80 7.96 6,82 MgO 6.50 8.26 6.65
Na20 3.06 0.22 1.97 Na20 2.93 0.23 1.92
K20 0.12 0.06 0.12 TiO2 246 3.38 4.95
TiO2 2.57 3.26 5,09 H20 7.00 7.00 7.00
P203 0.13 0.01 <0.050 02 0.10 0.10 0.10
LOI 1.03 8.03 2.18 Sum 100.00 100.00 100.00

Sum 99.81 99.81 99.99
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Table } Reprecertative mineral anabyses and mineral compositions caloulated with PERPLE 2 for comparicor,
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R, 0N H 158 o1s £000 i0on 000 TR T THE L0000 ITa20 303 17 057
B 191 000 Ak 0,109 0,052 0,000 0103 017 T 010 0,19 013
Ak 0,073 aTm 000 +,000 000 $000 000 HIO' 197 201 09
fau ! 1,904 Ak 3912 JO1T 4000 4017 4000 3004 3SET 0 4000 Gup 100,54 05,95 100,35
) 0000  01i0 Fait 0,071 0,087 0,000 0077 0120 R 206 Tl WS T S b )
Ti 0,007 Ti 0015 0,013 0,007 0011 0017 Ak 17 0536 1109 04é0 0427 0470
Fait 0,101 B +.000 4,000 4023 000 4000 dul 000 S000 S000  S000  So00  S000
Fal+ 0227 0460 Falt 2,55 3183 SAT0 20 SES 3435 G430 BTH0 Ak 0797 088 07T 0420 0l 1279
L 0,003 Lin 0,403 0128 0104 0,483 03511 Ti 0,027 0,020 0,004
LIz 0.6 0330 Ca 2450 IHS 2300 2T+ 1100 1SE) 195+ 2020 Ln 0,013 0023 0022
Ca 0973 0340 LIy 007 0272 0230 01%7 02N 003 01% 00 Pedt 0,70 0723 0343
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