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A B S T R A C T

The Tighsi area of the Egéré/Aleksod Terrane (Tuareg Shield) contains mafic eclogites interlayered within ana-
tectic metapelites corresponding to metabasalts coeval with a shallow water marine sedimentation. In this study
we present in-situ geochronological (U-Pb) and geochemical (major and trace elements, Hf and O isotopes) analy-
ses from a 2.6 mm zircon megacryst found in a high-pressure kyanite pegmatite enclosed in the metapelites.Os-
cillatory zoning, HREE-enriched patterns, positive Ce anomalies and the absence of negative Eu anomalies are
consistent with crystallization of the megacryst from the anatectic melt. Ti-in-zircon temperatures indicate crys-
tallization at 811 ± 15 °C in an allanite/monazite buffered anatectic melt as evidenced by the low Th/U ratios.
Oxygen isotopes yield large intra-grain variations (7.1–12.3‰) with a gradual lowering towards the edge of the
grain in contact with secondary feldspathic veinlets. These results indicate fluid-assisted oxygen isotope distur-
bances, consistent with the low retentivity of O in zircon under wet conditions. Hf isotopes do not display in-
tra-grain variations (mean εHfi = −20.7 ± 1.0) and support production of the leucosome by melting of crustal
material. U-Pb analyses of the center of the crystal provide an age of 654 ± 5 Ma (2σ), attributed to post-peak
decompression and heating. HP eclogite facies conditions in the Egéré terrane are thus significantly older than
HP metamorphism in the western part of the shield (610–625 Ma) in agreement with multiple subduction events
along the margins of the Tuareg Shield.The rim of the megacryst, close to feldspathic veinlets, is characterized
by a significant decrease of trace elements (U, Y, HFSE), but preserved identical Hf isotope ratios, which is con-
sistent with recrystallization processes. The rim displays a Ti-in-zircon temperature of 717 ± 28 °C and a U-Pb
age of 584 ± 6 Ma (2σ) coeval with the climax of batholith intrusion in Central Hoggar. Reheating and softening
of the lower/middle crust at that time may have assisted and favored upward viscous flow of basement domes
and escape tectonics along lithospheric shear zones. We propose that the final push of the Saharan metacraton in
the east was responsible for the observed architecture of the Egéré terrane, where anatectic elongated domes of
basement gneisses alternate with HP metasedimentary synforms.

1. Introduction

«Old zircons never die». This statement primarily comes from the
large number of pioneering studies that highlighted the robustness of
the U-Pb system in zircon (Lancelot et al., 1976; Black et al.,
1986). The recognition that zircon is still the oldest known terres-
trial material, more than thirty years after the discovery of the first
very old (>4.0 Ga) detrital grains (Froude et al., 1983; Compston
and Pidgeon, 1986), nurtured the development of a large range of

applications that aimed at using zircon, not only as a geochronome-
ter, but also as a petrogenetic indicator in order to constrain its crys-
tallization environment (Barth and Wooden, 2010). In turn, this fos-
tered the development of low sample consumption, high spatial res-
olution in-situ techniques, which makes it possible to get informa-
tion using volumes that are smaller and smaller, even reaching sub-
micron scale (Breeding et al., 2004; Cottle et al., 2009). In addi-
tion, in-situ analyses, performed on thin- or thick-sections, provide the
unique opportunity to take advantage of the textural context of

⁎ Corresponding author.
E-mail address: bruguier@gm.univ (O. Bruguier)

https://doi.org/10.1016/j.precamres.2020.105966
Received 20 May 2020; Received in revised form 29 September 2020; Accepted 10 October 2020
Available online xxx
0301-9268/© 2020.

olivier bruguier


olivier bruguier




UN
CO

RR
EC

TE
D

PR
OO

F

O. Bruguier et al. Precambrian Research xxx (xxxx) xxx-xxx

the studied zircon grains, which is often paramount for the interpreta-
tion of the isotopic and chemical data (e.g., Zong et al., 2010). By com-
bining all these approaches, it is now possible to perform, on the same
grain, a large range of isotopic and trace element analyses that allow
accessing the wealth of information tightly retained in this unique geo-
logical recorder. In this study, we focused on a single zircon megacryst
(c. 2.6 mm long and 1.3 mm large) discovered in a thin section cut in a
pegmatitic leucosome from migmatitic metapelites from the Tighsi area
in the Egéré terrane of the Tuareg Shield (Algeria). The large size of the
megacryst enables performing major and trace element (REE, Ti) as well
as isotope (U-Pb, Hf and O) analyses, thus providing a full range of in-
formation on its age, crystallization environment and, more importantly,
on the behavior of these isotopic and chemical tracers. This information
is then used as clues in the comprehension of processes that occurred in
the Egéré terrane and that shaped the assembly of the central part of the
Tuareg Shield, a patchwork of more than twenty different terranes that
aggregated during the Neoproterozoic.

2. Geological setting

Since the work of Black et al. (1994), the Tuareg Shield (Fig. 1)
has been subdivided in 23 terranes separated by lithospheric-scale shear
zones. These terranes display different origins and geodynamic evolu-
tions and include Archean/Paleoproterozoic (meta)cratons, Pan-African
terranes reworking older basement, and juvenile Neoproterozoic ter-
ranes. All of these were amalgamated together during the Neopro-
terozoic (e.g. Caby, 2003) due to the convergence between the West
African Craton on the West and the Saharan Metacraton on the East.
Some of these terranes such as the Laouni, Azrou n’Fad, Tefedest,
Egéré/Aleksod terranes of Central Hoggar were subsequently recog-
nized to bear strong affinities and were con

sequently grouped together to form the LATEA superterrane (Liégeois
et al., 2003), which was recently revised to include the Aouilene ter-
rane, located West of Laouni (Liégeois, 2019). Geochronological data
obtained on LATEA basement gneisses provided Paleoproterozoic ages
(e.g. Bertrand et al., 1986; Barbey et al., 1989; Bendaoud et
al., 2008) and, in the North of the Egéré/Aleksod terrane, 2.7–3.2 Ga
Archean ages (Peucat et al., 2003). During the Pan-African cycle,
LATEA is regarded as a continental passive margin, which was in-
volved in a subduction setting as demonstrated by the recognition of
several eclogitic occurrences in the Laouni (Liégeois et al., 2003),
Azrou n’Fad (Zetoutou et al., 2004) and Egéré/Aleksod (Sautter, 1986;
Doukkari et al., 2014, 2015; Arab et al., 2015) terranes. Collec-
tively, these eclogitic occurrences have been interpreted as a single unit
(e.g. Liégeois et al., 2003). The polarity of the subduction is still a
matter of debate, but a westward subduction of LATEA is now widely
accepted (e.g. Caby, 2003; Liégeois et al., 2003; Doukkari et al.,
2015), which is consistent with the occurrence of the juvenile Neopro-
terozoic (Cryogenian to Tonian) island-arc of the Iskel terrane (Caby
et al., 1982; Caby and Andreopoulos-Renaud, 1983; Bechiri-Benmer-
zoug et al., 2011), west of LATEA. The age of the high-pressure eclog-
ite facies metamorphism is not known precisely, but should be older
than Upper Cryogenian owing to the 685 ± 19 Ma Sm/Nd isochron age
of the retrograde amphibolite facies metamorphism (Liégeois et al.,
2003) in the southern part of the Laouni terrane.

In the northern part of LATEA, recent field observations along with
a review of published metamorphic constraints (Caby and Bruguier,
2018) indicate that the western part of the Egéré/Aleksod terrane
represents a rifted domain with possible Ocean-Continent transition
relics. The geology of this area, which is the subject of this study,
is composed of gneissic basement rocks (Arechchoum

Fig. 1. A. Sketch map of West Africa with the main continental landmasses (after Liégeois, 2019). Yellow stars indicate location of eclogites occurrences outcropping along the eastern
edge of the West African Craton (Tass. = Tassendjanet terrane). B. Schematic map of the Tuareg Shield (after Caby, 2003) with location of the Tighsi area in the Egéré terrane. Red circles
are eclogites. Al. = Aleksod; Az. = Azroun’Fad; La. = Laouni; Tas. = Tassendjanet; Te. = Tefedest. IGU = Iforas Granulitic Unit; IOGU = In Ouzzal Granulitic Unit. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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and Aleksod gneisses, Bertrand, 1974) and metasediments of the Egéré
Group (including mafic eclogites and garnet amphibolites). The mafic
eclogites and garnet amphibolites outcrop as lenses interlayered within
marbles, quartzites, and metapelites and were interpreted as metabasalts
and tuffs coeval with carbonate sedimentation in a shallow water marine
environment (Caby and Bruguier, 2018). In the present state of our
knowledge, eclogites have not been sighted in the Arechchoum gneisses,
which are thus regarded as the non-eclogitised basement overthrust by
the Egéré Group. Metapelites and mafic eclogites from the Egéré Group
define a P-T loop from 20 kbar − 700 °C (eclogite facies) to 9 kbar −
700 °C (retrograde amphibolite facies) through 16 kbar − 770 °C (de-
compression heating) (Doukkari et al., 2014, 2015; Arab et al.,
2015). The sample analyzed in the course of this study was collected in
the Tighsi area, which is located in the North of the Egéré terrane (see
Fig. 1).

3. Sample description

The studied sample (T95) is a kyanite pegmatite enclosed within
high-pressure kyanite- and garnet-bearing migmatitic metapelites. The
rock displays a coarse-grained texture dominated by abundant white
mica flakes up to 1 cm in size (see Fig. 2A). The sample is com-
posed of quartz showing a secondary syn-kinematic mosaic recrystal-
lization of low-temperature type. Large white mica porphyro

clasts display epitaxic exsolutions of thin secondary brown biotite. Clasts
of primary biotite are associated and intermingled with the white mica.
Untwined perthitic K-feldspar contains inclusions of minute prismatic
rutile. Complex symplectitic pseudomorphs (c. 20% vol.) are made up
of secondary plagioclase, minute kyanite, white mica, biotite and fi-
brolite. Graphite lamellae are abundant. Besides the recrystallization
of quartz, low-temperature retrogression consists in minute white mi-
cas that replace the alumino-silicates from the matrix towards their
rims. The sample formed under high-pressure metamorphic conditions.
Its early high-pressure mineral assemblage is represented by quartz,
white mica, K-feldspar, biotite and kyanite. The decompression stage is
marked by the replacement of kyanite by fibrolite and by the partial re-
placement of white mica by biotite. A large euhedral zircon megacryst
(c. 2.6 mm long and 1.3 mm width) was discovered in the thin-section.
This megacryst indents a large K-feldspar crystal on one side and is in
contact with primary white mica on the other side (see Fig. 2).

4. Analytical techniques

4.1. Mineral chemistry

Major elements (including Zr, Hf, Y and U for zircon) were ana-
lyzed by EPMA at the University of Montpellier using a Cameca SX100
electron microprobe equipped with five wavelength-disper

Fig. 2. Photomicrograph of the thin section of sample T95 showing the zircon megacryst (white circle in A). Enlargement (B) displays the zircon megacryst indenting a K-feldspar crystal
on the left. Note the late feldspathic veinlets cutting across both the K-feldspar and the zircon megacryst. Enlargement (C) shows the high-U upper part of the grain surrounded by a
fractured rim.
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sive X-ray spectrometers (WDS). Analyses were performed using an ac-
celeration voltage of 20 kV, a 10nA beam current and 30 s counting time
for all elements. Accuracy of the results was checked by regularly ana-
lyzing the natural zircon 91,500 during analyses of the zircon megacryst
(see Table 1).

Trace elements of zircon and rutile were analyzed by laser ab-
lation inductively coupled plasma mass spectrometry (LA-ICP-MS) at
Géosciences Montpellier (University of Montpellier, AETE-ISO regional
facility of the OSU OREME). The analytical platform includes a eighteen
years old pulsed 193 nm ArF excimer laser (Compex 102 from Lambda-
Physik) with 200 mJ output energy coupled to a Thermofinnigan Ele-
ment XR mass spectrometer modified by addition of a 80 m3/h Edwards
primary pump in the interface to enhance sensitivity. The instrument
was tuned for maximum sensitivity and low oxide production (ThO/Th
at <1%). Ablation experiments were conducted in an ablation cell of
c. 30 cm3 in a He atmosphere, which enhances sensitivity and reduces
inter-element fractionation (Günther and Heinrich, 1999). The he-
lium gas stream and particles from the sample were then mixed with Ar
before entering the plasma. The laser was operated at a repetition rate
of 3 Hz, using a 26 µm spot size and a 12 J/cm2 energy density. Total
analysis time was 120 s with the first 80 s used for background measure-
ment before sample ablation. Synthetic glass NIST 612 was used for ex-
ternal calibration (values after Pearce et al., 1997). Internal standard
normalization was done using SiO2 for zircon (31.06 wt%, mean value
measured by EPMA, see Table 1) and TiO2 for rutile (99 wt%, stoichio-
metric value). Accuracy of the analyses was monitored using the fused
glass standard BIR1-G glass (values taken from GEOREM preferred val-
ues) and 91,500 zircon and it was always better than 15% (see Table
2). Data reduction was done using the software package Glitter (van
Achterberg et al., 2001).

4.2. U-Pb geochronology

U, Th and Pb isotopic analyses were performed using the LA-ICP-MS
equipment described above (Thermofinnigan Element XR mass spec-
trometer coupled to a Lambda Physik Compex 102 excimer laser). The
operating conditions and data acquisition were as described in earlier
reports (e.g., Bosch et al., 2011), using a spot size of 26 µm, a rep-
etition rate of 3 Hz and an energy density of 12 J/cm2. Pb/U and Pb/
Pb ratios were calibrated against the reference material 91,500 for zir-
con (Wiedenbeck et al., 1995). Data evaluation was performed using
the software Glitter (van Achterberg et al., 2001). Ages were calcu-
lated using the Isoplot/Ex program (Ludwig, 2003) and are quoted in
the text at the 2σ confidence level. In the course of this study, zircon
material GJ1 was analyzed twice each five unknowns and provided a
206Pb/238U age of 607.1 ± 4.7 Ma (n = 8), in good agreement with the
reference value quoted in Jackson et al. (2004).

4.3. Hf isotopes

Lu-Hf isotopes were measured at the University of Bristol (Bristol
Isotope Group) using a ThermoFinnigan Neptune+ multicollector induc-
tively-coupled plasma mass spectrometer (MC-ICP-MS) coupled with a
Photon-Machine Analyte G2 Excimer laser (193 nm wavelength). Ab-
lation was performed using a 50 µm spot size. Laser frequency was
5 Hz and the energy density of the laser beam was c. 6 J/cm2. A typ-
ical analysis was 90 s, including a 30 s background measurement and
a 60 s ablation period. Correction for the interferences and mass bias
followed the Bristol routine procedure (Hawkesworth and Kemp,
2006; Kemp et al., 2009). The correction for the isobaric inter-
ference of Yb and Lu on 176Hf was made

following a method detailed in Fisher et al. (2011). For Yb, the
interference-free 171Yb was corrected for mass bias effects using an
exponential law and 173Yb/171Yb = 1.130172 (Segal et al., 2003).
The mass bias-corrected 171Yb was monitored during the run and the
magnitude of the 176Yb interference on 176Hf was calculated using
176Yb/171Yb = 0.897145 (Segal et al., 2003). For Lu, the interfer-
ence-free 175Lu was corrected for mass bias effects assuming βLu = βYb
and using an exponential law. The mass bias-corrected 176Lu was mon-
itored during the run and the magnitude of the 176Lu interference
on 176Hf was calculated using 176Lu/175Lu = 0.02655 (Vervoort et
al., 2004). Interference-corrected 176Hf/177Hf were corrected for mass
bias using an exponential law and 179Hf/177Hf = 0.7325 (Patchett
et al., 1981), and were finally normalized to JMC-475 = 0.282160.
The accuracy and long-term reproducibility of the measurements were
gauged by analyzing two zircon reference standards: Plesovice
(176Hf/177Hf = 0.282472 ± 21, n = 24) and Mud Tank
(176Hf/177Hf = 0.282504 ± 20, n = 21) (all errors at 2 s.d. level).

4.4. Oxygen isotopes

Oxygen isotopes were measured on the CAMECA IMS1270 ion mi-
croprobe at the CRPG Nancy (France), using a method similar to that
described in earlier reports (e.g., Martin et al., 2006, 2008), which
is only briefly summarized below. A Cs+ primary beam of c. 5nA was
used to sputter a 20 µm rastered sample area. The negative secondary
ions were measured at a mass resolution (M/ΔM) of 2500 in multicol-
lection mode on Faraday cups, with a counting rate of c. 2.9 109 cps on
16O, where each measurement consisted of 15 counting cycles of 10 s.
Oxygen isotope data were normalized to measurements of the Temora
zircon standard and are reported with reference to SMOW assuming a
δ18O value of 8.2‰ for this standard (Black et al., 2004).

5. Results

5.1. Morphology and major elements

Observed under binocular microscope, the zircon megacryst is euhe-
dral to subhedral, with a pronounced oscillatory zoning, visible under
natural light (Fig. 2B). In particular, two well marked growth bands
are observed in the upper part of the crystal. The grain displays nu-
merous fractures and cracks, some of which cutting across the whole
crystal. In the central part of the grain, some of these fractures are
connected with the matrix and are filled with K-feldspar (see EPMA
analyses in Table 1). The grain is partly wrapped by a band, which
appears translucent in natural light and dark in polarized light. This
band now corresponds to a void and is particularly well visible at the
upper and lower terminations. Where this band is present, the lim-
its of the grain appear ragged (in particular see the lower part of the
grain), which suggests a grain boundary modification during fluid in-
teraction. The central fracture, filled with K-feldspar, is connected to
this band, suggesting that the latter was initially filled with the same
feldspathic material. In its left upper part (see enlargement of Fig. 2C),
the crystal is made of a zone surrounded by a network of radial frac-
tures, which resembles a fractured rim. In contrast, in its left lower
part, the crystal is in sharp contact with K-feldspar, which seems to en-
gulf it. EPMA analyses were determined on the different domains of
the megacryst in order to characterize major element variations (see
Fig. 3A and Table 1). Overall, the SiO2 and ZrO2 contents show no
significant variations with values close to stoichiometry for both ele-
ments (SiO2 = 31.06 ± 0.42 wt% and Zr2O = 65.76 ± 0.88 wt%) es-
pecially if considering Hf substitution (mean HfO2 values of 1.68 wt%)
to the zircon lattice. The most important variations are observed for
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Table 1
EPMA major element analyses for the zircon megacryst and other minerals (white mica, K-feldspar and quartz) from sample T95. Reference values for the zircon standard 91,500 are from
Wiedenbeck et al., 2004. Structural formulas for K-Feldspar and White-Micas are available in Appendix.

Point Al2O3 SiO2 TiO2 Na2O MgO MnO FeO HfO2 CaO K2O P2O5 Y2O3 ZrO2 UO2 Total δ18O

wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt%

91,500 (n = 6)
this study – 32.29 – – – – – 0.76 – – 0.004 0.011 66.1702 – 99.2
Reference – 32.69 – – – – – 0.70 – – 0.016 0.016 66.18 0.010 99.6
Zircon
5/1. – 30.94 – – 0.01 0.01 0.00 1.55 – 0.01 – 0.38 64.94 0.11 98.0 9.1
6/1. – 30.63 0.03 – 0.00 – 0.02 1.57 – 0.01 – 0.56 65.43 0.15 98.4
7/1. – 30.67 0.04 – – 0.02 0.01 1.54 – 0.00 – 0.54 64.30 0.23 97.3
8/1. – 30.93 0.02 – – 0.01 0.00 1.96 0.01 – – 65.64 – 98.6 8.9
9/1. – 31.07 0.02 – – – 0.00 1.53 0.01 0.01 – 0.20 65.92 0.08 98.8
10/1. – 31.18 0.00 – – 0.01 0.02 1.77 0.02 0.01 – 0.55 65.23 0.16 99.0 10
30/1. – 30.97 0.03 – 0.01 0.04 0.00 1.45 – 0.01 – 0.05 66.73 0.04 99.3 7.1
31/1. – 31.07 0.02 – 0.00 – 0.01 1.54 – – – 0.19 66.03 0.13 99.0 9.1
32/1. – 31.17 0.00 – – 0.02 0.03 1.57 – 0.01 – 0.06 66.80 – 99.7 7.6
33/1. 0.00 31.28 0.03 – – – 0.00 1.43 – 0.00 – 0.20 66.30 0.13 99.4 10.4
34/1. – 31.33 0.01 – 0.00 – 0.01 1.56 0.00 0.01 – 0.29 66.43 0.08 99.7 10.6
35/1. – 31.07 – – – – 0.00 1.69 – 0.03 – 0.28 66.20 0.12 99.4 10.1
36/1. – 30.99 0.01 – – – 0.01 1.49 – 0.01 – 0.13 66.15 0.02 98.8 9.4
37/1. – 30.95 0.01 – – – 0.02 1.51 0.02 0.01 – 0.15 65.52 0.11 98.3 8.9
38/1. – 31.11 0.02 – – – 0.01 1.67 0.02 0.01 – 0.40 65.71 0.16 99.1 10
39/1. – 31.24 0.01 – 0.01 0.03 – 1.58 – 0.01 – 0.18 66.19 0.05 99.3 11.5
40/1. – 30.92 – – – – 0.01 1.63 0.02 – – 0.37 66.07 0.09 99.1 11.2
41/1. – 31.29 0.01 – – 0.02 – 1.60 0.01 0.01 – 0.42 66.04 0.09 99.5 10.2
43/1. – 31.17 0.01 – 0.00 – 0.01 1.71 0.01 – – 0.30 66.26 0.08 99.5
44/1. – 31.32 0.02 – 0.01 – 0.01 1.57 0.02 – – 66.45 – 99.4 10.2
45/1. – 30.83 0.01 – – 0.00 0.00 1.63 0.01 0.01 – 0.40 66.23 0.12 99.2 12.3
46/1. – 30.64 0.02 – – – 0.06 2.03 0.03 0.01 – 0.54 63.93 0.22 97.5 11.2
47/1. – 30.30 0.01 – – 0.00 0.19 2.23 0.29 0.01 – 0.18 64.15 0.53 97.9 10.9
48/1. 0.07 29.73 0.02 – – 0.01 0.35 2.09 1.21 0.01 – 0.19 62.97 0.57 97.2 10.2
49/1. 0.09 31.10 – – – – 0.10 1.62 0.03 0.03 – 0.35 65.60 0.05 99.0
50/1. 0.00 31.42 0.02 – – – 0.01 1.81 0.02 0.01 – – 66.23 – 99.5
51/1. 0.23 32.33 0.02 – – 0.02 0.08 1.72 0.07 0.12 – – 66.53 – 101.1
52/1. 0.00 31.58 – – 0.01 – 0.03 2.02 0.00 – – – 66.39 – 100.0
56/1. – 31.18 – – – – 0.01 1.70 0.01 0.00 – 0.32 65.65 0.06 98.9 10
55/1. 0.01 31.05 – – – – – 1.69 – 0.02 – 0.28 65.52 0.03 98.6 9.8
57/1. – 31.28 – – – – 0.00 1.79 0.03 – – 66.92 – 100.0 10.1
58/1. – 31.02 0.00 – – – 0.01 1.64 0.01 0.00 – 0.32 65.80 0.08 98.9 11.1
White mica
12/1. 31.47 45.77 1.00 0.48 2.19 – 1.14 – – 10.78 – – 0.01 – 92.8
13/1. 31.78 45.93 0.95 0.49 2.02 – 1.06 0.02 0.02 10.97 0.01 – – – 93.3
14/1. 31.22 46.82 1.12 0.52 2.30 – 1.15 – – 10.99 0.00 – 0.00 – 94.1
15/1. 30.84 47.65 1.05 0.40 2.30 – 0.88 – 0.04 10.93 0.01 – 0.01 – 94.1
16/1. 31.96 47.07 1.00 0.39 1.91 – 0.82 0.00 0.02 11.19 0.03 – 0.00 – 94.4
17/1. 30.89 46.88 1.01 0.43 2.32 0.01 1.03 0.04 0.01 11.08 0.01 – 0.00 – 93.7
20/1. 31.90 47.19 0.78 0.44 1.97 – 0.87 – 0.00 11.22 0.01 – – – 94.4
53/1. 33.90 45.78 0.93 0.48 1.30 – 0.75 – 0.01 11.38 0.01 – 0.02 – 94.6
54/1. 31.91 46.75 0.63 0.47 2.04 0.00 0.85 0.00 0.01 11.12 0.01 – 0.01 – 93.8
K-Feldspar
11/1. 18.86 62.01 – 1.25 0.01 0.00 0.01 0.01 0.03 15.71 – – 0.02 – 97.9
18/1. 18.77 62.13 0.02 1.35 0.00 0.02 0.05 – 0.05 15.73 0.03 – – – 98.2
19/1. 18.86 62.42 0.02 1.27 – 0.02 0.02 – 0.01 15.61 – – – – 98.2
21/1. 19.09 62.31 0.01 1.15 0.00 0.01 0.02 0.06 0.03 15.83 0.03 – 0.02 – 98.5
22/1. 18.58 61.30 – 1.69 – – – – 0.03 14.98 0.02 – – – 96.6
26/1. 18.59 62.61 0.03 1.08 – – 0.00 – – 16.08 – – – – 98.4
42/1. 18.72 61.47 0.01 0.87 0.01 – 0.01 0.08 0.02 16.07 0.00 – – – 97.3
Quartz
23/1. 0.03 97.72 – – – 0.02 0.01 – – 0.02 – – 0.03 0.01 97.8
24/1. 0.02 98.33 0.03 0.01 0.00 – – – – – 0.01 – 0.01 – 98.4
25/1. – 98.34 0.01 0.02 – 0.01 – 0.01 0.01 0.01 0.01 – – – 98.4
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Table 2
LA-ICP-MS trace element analyses for the zircon megacryst and rutile from sample T95.

91,500 Reference T95 Zircon Megacryst Rutile

Element (n = 9) ± (sd) values #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17

Si istd istd istd istd istd istd istd istd istd istd istd istd istd 65.4 1.1 168.9 398.5
P – – – – – 295 272 262 268 253 110 165 160 1.1 37.1 15.9 27.1
Ti 5.84 0.43 18.6 16.7 20.0 18.9 16.6 22.9 20.0 25.5 17.9 16.9 7.3 6.9 7.7 istd istd istd istd
V – – – – – – – – – – – 0.116 0.946 2028 1393 1495 1745
Cr – – – – – – – – – – – – – 7.92 28.34 9.27 69.52
Rb 0.051 0.035 0.57 0.65 0.54 0.60 0.48 0.96 0.94 0.83 0.83 0.63 0.21 – – – – – –
Sr 0.077 0.022 0.052 – – – – – 1.18 0.96 1.02 0.81 0.88 0.33 – 0.35 1.24 2.52 1.72 1.51
Y 132.8 5.8 140.0 2936 2782 2554 2649 2822 3709 3436 3124 3358 2196 658 766 907 0.143 2.49 0.242 0.038
Zr – – – – – – – – – – – – – 549.11 738.81 628.73 493.17
Nb 0.913 0.096 0.79 2.72 2.45 2.39 2.291 2.38 4.21 3.49 3.81 3.25 2.43 1.23 1.09 1.38 7038 5837 4234 2898
Mo 1.1 1.2 1.0 1.1 1.2 1.5 1.6 1.5 1.7 1.7 1.7 – – – – – –
Ba 0.037 0.016 0.06 – 0.15 0.42 1.42 0.37 0.05 0.06 0.19 0.32 0.02 – 0.552 – – – –
La 0.0048 0.0026 0.006 – 0.0051 0.0269 0.0033 0.0104 0.0068 0.0035 0.0126 0.0039 0.0083 0.0067 – 0.626 – – – –
Ce 2.33 0.13 2.56 0.682 0.744 0.749 0.779 0.734 0.454 0.538 0.532 0.379 0.695 0.149 0.116 5.48 – – – –
Pr 0.0098 0.0033 0.024 0.0016 0.0038 0.0292 0.011 0.0227 0.0058 0.0025 0.0057 0.0016 0.006 0.0073 0.0096 0.57 – – – –
Nd 0.235 0.05 0.24 0.096 0.085 0.155 0.143 0.226 0.225 0.226 0.167 0.227 0.218 0.137 0.106 3.84 – – – –
Sm 0.486 0.055 0.50 1.67 1.41 1.47 1.46 1.54 1.5 1.64 1.341 1.294 1.24 0.317 0.239 4.02 – – – –
Eu 0.218 0.021 0.24 2.42 2.57 1.869 2.31 2.42 2.42 2.52 2.275 2.157 1.646 0.373 0.366 1.57 – – – –
Gd 1.89 0.15 2.21 28.98 28.44 24.02 25.52 27.95 17.82 18.26 17.32 17.86 12.93 2.79 4.6 14.41 – – – –
Tb 0.792 0.064 0.86 15.69 14.93 13.47 14.22 15.23 16.77 17.04 15.74 16.26 11.4 2.78 2.94 5.29 – – – –
Dy 10.83 0.82 11.8 239 221 201 208 229 285 276 253 270 186 50 47.55 69.46 – – – –
Ho 4.94 0.23 4.84 92 85 79 81 88 109 103 95 100 71 20 21.12 27.18 – – – –
Er 23.73 1.26 24.6 423 395 367 379 405 516 481 436 448 318 102 116.21 140.92 – – – –
Tm 6.89 0.39 6.89 88 84 77 81 85 135 122 111 111 84 29 28 32.79 – – – –
Yb 68.50 7.76 73.9 805 768 708 747 780 1548 1368 1231 1205 945 346 292 317 – – – –
Lu 12.93 0.64 13.1 152 145 135 143 147 181 164 149 142 115 44 59 62 – – – –
Hf 5601 197 5895 10,561 10,257 9718 10,142 10,175 11,008 11,002 11,015 10,845 10,458 12,658 13,944 10,542 31.29 44.65 30.65 21.5
Ta 0.49 0.04 2.23 2.02 1.95 2.03 1.88 3.75 3.42 3.56 3.47 2.17 1.26 0.929 0.585 231 231 53 108
Pb* 15.3 0.5 134.3 125.0 120.9 120.6 120.4 137.2 136.9 118.3 124.0 108.2 30.8 32.3 43.9 – – – –
Th 23.1 1.2 29.9 0.62 0.80 0.81 0.86 0.81 0.64 0.38 0.43 0.20 2.83 0.57 0.155 1.17 – 0.05 – –
U 72.0 3.9 80.0 1201 1117 1078 1107 1118 1285 1284 1100 1150 1028 300 310 404 20.3 7.8 24.4 28.65
Ti-in-Zr (°C) 808 796 816 809 796 830 815 842 804 798 717 712 722 695 722 707 685
Nb/Ta 1.2 1.2 1.2 1.1 1.3 1.1 1.0 1.1 0.9 1.1 1.0 1.2 2.4 30.5 25.2 79.5 26.8
Th/U 0.0005 0.0007 0.0008 0.0008 0.0007 0.0005 0.0003 0.0004 0.0002 0.0028 0.0019 0.0005 0.0029 – 0.006 – –
Y/Ho 32.0 32.7 32.4 32.5 32.1 34.2 33.3 32.9 33.7 31.1 32.7 36.3 33.4
Yb/Gd)N 34.3 33.4 36.4 36.2 34.5 107.4 92.6 87.8 83.4 90.4 153.4 78.5 27.2
LaN – 0.022 0.114 0.014 0.044 0.029 0.015 0.053 0.016 0.035 0.028 – 2.641
EuN/Eu*)N 1.06 1.24 0.96 1.15 1.12 1.43 1.40 1.44 1.37 1.25 1.21 1.06 0.63
∑REE 1848 1745 1609 1684 1782 2813 2555 2311 2314 1747 598 572 685

Pb* is radiogenic Pb. istd: Internal standard used for normalization (matrix effect and instrumental drift). For zircon SiO2 was used as an internal standard on the basis of EPMA analyses (mean value = 31.06 wt%). For rutile a stoichiometric value of 99%
TiO2 was used. Reference values for the zircon standard 91,500 are from Wiedenbeck et al., 2004. Ti-in-zircon and Zr-in-rutile temperatures calculated after Ferry and Watson (2007). Normalization values are from McDonough and Sun (1995).
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Fig. 3. Schematic picture of the studied zircon megacryst showing the locations analyzed for: major elements (A), trace elements and U-Pb isotopes (B), Oxygen isotopes (C) and Hf iso-
topes (D). Numbers in (A) correspond to analyses in Table 1, in (B) to analyses in Table 2 and 3 and in (D) to analyses in Table 5. Numbers in (C) correspond to δ18O values.

HfO2 and Y2O3, which range from 1.43 to 2.23 wt% and from be-
low detection limit to 0.56 wt% respectively. Other measured elements
are generally below detection limit except U, which displays a range
of UO2 contents from 0.02 wt% to 0.57 wt%. It is noteworthy that
the highest UO2 contents (from 0.22 to 0.57 wt%) are measured in
the left upper part of the crystal, which is surrounded by the frac-
tured zone, thus suggesting that the radial fractures were caused by
volume expansion due to metamictisation of a U-rich zone. This zone
also displays elevated concentrations in non-formula elements such as
Fe and Ca (see analyses 46–49 in Table 1). Microprobe analyses of
the main mineral phases (K-feldspar, white mica and quartz) observed
throughout the thin section were also investigated. The large white
mica flakes (see Table 1) provide low phengitic substitution values
of Si = 3.09–3.22 apfu (mean value of 3.16 apfu on 9 analy

ses), but high Ti content between 0.032 and 0.057 apfu. The low Si
contents of these K-white micas contrast with those of phengite from
HP assemblages (e.g., Bukala et al., 2018) and may be taken as evi-
dence that the pressures under which they crystallized were lower than
high-pressure conditions. However, recent studies have shown that the
Si content in phengite is not, by itself, as reliable as commonly assumed,
especially in Ti-rich phengite (Auzanneau et al., 2010; Nahodilova
et al., 2014). The large K-feldspar encircling the zircon megacryst
(analyses 21 and 22 in Table 1) corresponds to Or85-90, consistent with
other analyses in the thin section (Or88-91), which is not significantly
different from feldspathic material filling fractures within the zircon
megacryst (Or89-92, analyses 11 and 42 in Table 1) and cutting across
both the large K-feldspar and the zircon megacryst.
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5.2. Trace elements signature

Trace element analyses were performed mainly in the inner part of
the megacryst (10 spots), broadly along two transects perpendicular to
the main growth axis and parallel to the transects selected for U-Pb and
O analyses (Fig. 3B). Although heavily fractured, the upper rim was also
investigated for trace elements (2 spots) as well as the southern edge of
the grain (1 spot).

The inner part of the crystal (see Table 2) yields high U con-
tents (mean = 1147 ppm) and low Th contents (mean = 0.84 ppm) re-
sulting in very low Th/U ratios (mean = 0.0008). The REE patterns
(Fig. 4) are characterized by low La contents (LaN = 10−1–10−2), pro-
nounced positive Ce anomalies and no significant Eu anomalies
(EuN/Eu*N = 0.96–1.44). The HREE patterns are steep
(YbN/GdN = 33–107) and overall, not different from those typically dis-
played by magmatic zircons (Barth and Wooden, 2010). The Ti con-
tent of the ten spots ranges from 16.7 to 25.5 ppm, which indicates
crystallization in the temperature interval 796–842 °C (calculated af-
ter Ferry and Watson, 2007) and, when attributing an individual er-
ror of ±25 °C, results in a mean value of 811 ± 15 °C (MSWD = 0.37;
n = 10).

Three analyses were performed close to the edge of the megacryst,
one close to its lower termination (#11) and two in the fractured rim
visible in the upper tip of the megacryst (#12 and #13). Compared
to the inner part (see Table 2), these analyses are significantly de-
pleted in Nb (1.09–1.38 versus 2.29–4.21 ppm), Ta (0.59–1.26 versus
1.88–3.75 ppm), Y (658–910 ppm versus 2196–3709 ppm) and ∑REE
(570–690 ppm versus 1600–2800 ppm). They display very low Th/U
(0.0005–0.003) similar to those measured in the inner part, but the
U content is much lower (300–404 ppm versus 1147 ppm on aver-
age). HREE patterns have similar (Yb/GdN = 78–153, #12 and #13) to
weaker slope (Yb/GdN = 27, #11) with a less pronounced positive Ce
anomaly. It is worth noting that one analysis of the northern rim dis-
plays the highest LREE content and the weaker positive Ce anomaly.
The three analyses display low Ti contents ranging from 6.9 to 7.7 ppm,
which translate to a temperature of 717 ± 28 °C.

5.3. U-Pb dating

U-Pb laser spot analyses were conducted in the inner part of the crys-
tal along two transverses (15 and 10 spots respectively) perpendicular
to the main growth axis (see Fig. 3B) and nine spots were performed
in the upper part of the grain, including three spots in the fractured rim
visible in the upper tip, and five spots in the high U zone in the center
of the megacryst. U-Pb analyses (see Table 3) yield slightly discordant
results (discordance ranges from +14 to −2%) which are attributed to
the high U contents (mean of 1060 ppm on 29 analyses). Interestingly,
all analyses plot along a discordia line (Fig. 5) which has an upper in-
tercept of 645 ± 12 Ma (MSWD = 0.3) and a lower intercept which, al-
though the result of a long extrapolation, is not significantly different
from zero (−144 ± 220 Ma). The twenty-nine analyses have identical
207Pb/206Pb ratios, and since the lower intercept of the discordia line
is close to zero, it is reasonable to calculate a weighted mean age of
654 ± 5 Ma (MSWD = 0.4; n = 29), which is interpreted as our best
estimate for crystallization of the zircon megacryst.

Although heavily fractured, the rim was also investigated for U-Pb.
The five data points have low U contents, ranging from 46 to 365 ppm,
and in the Concordia diagram (Fig. 5) they define a concordia age of
584 ± 6 Ma (MSWD of concordance = 3.9; n = 5), that we attribute to
crystallization of the rim.

5.4. Hf and O isotopes

Oxygen isotope analyses were performed along five transects per-
pendicular to the main growth axis (see Fig. 3C) and the results are
reported in Table 4. Overall, the O isotope values display very large
intra-grain variations and range from 7.1 to 12.3‰ relative to SMOW.
The lowest values are observed close to the southern termination of
the crystal (δ18O = 7.1‰ and 7.6‰ for #1 and #3 of profile @1)
or close to the right border (δ18O = 8.9‰ for #10 of profile @2).
These low δ18O values were obtained from area close to the felds-
pathic band fringing the zircon megacryst. From a general point of
view, there is a broad tendency for δ18O values to decrease from

Fig. 4. Chondrite normalized rare earth element (REE) patterns for zircon domains analyzed in the megacryst. Normalization values from McDonough and Sun (1995).
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Table 3
LA-ICP-MS U-Pb analyses for the zircon megacryst from sample T95. Pb* is radiogenic Pb. Ddpa and α doses (α /mg) calculated assuming a radiation damage age of 584 Ma (analyses 16, 17, 21, 22 and 23) and 654 Ma (all other analyses) and using the formula
of Meldrum et al. (1998).

Sample Pb* Th U Th/ 208Pb/ 207Pb/ ± 207Pb/ ± 206Pb/ ± Rho Apparent ages (Ma) Conc.

(ppm) (ppm) (ppm) U 206Pb 206Pb (1σ) 235U (1σ) 238U (1σ) 206Pb/ ± 207Pb/ ± (%) Ddpa alpha decay

238U (1σ) 206Pb (1σ) event/mg

T95_1 86 0.670 909 0.00 0.000 0.0611 0.0004 0.8350 0.0142 0.0991 0.0016 0.94 609.1 9.3 643.4 12.6 94.7 0.091 2.52E + 15
T95_2 92 0.830 979 0.00 0.001 0.0614 0.0004 0.8212 0.0141 0.0971 0.0016 0.94 597.2 9.2 651.8 12.8 91.6 0.098 2.71E + 15
T95_3 80 0.616 856 0.00 0.000 0.0615 0.0003 0.8226 0.0137 0.0970 0.0016 0.96 596.7 9.1 657.3 9.6 90.8 0.086 2.37E + 15
T95_4 81 0.813 889 0.00 0.001 0.0614 0.0004 0.8059 0.0132 0.0953 0.0015 0.94 586.6 8.6 651.7 12.4 90.0 0.089 2.46E + 15
T95_5 74 0.623 824 0.00 0.000 0.0613 0.0003 0.8879 0.0101 0.1051 0.0010 0.87 644.4 6.1 648.3 11.8 99.4 0.082 2.28E + 15
T95_6 81 0.904 903 0.00 0.002 0.0616 0.0003 0.8192 0.0113 0.0965 0.0012 0.92 593.8 7.1 659.3 11.8 90.1 0.090 2.50E + 15
T95_7 79 1.134 885 0.00 0.001 0.0610 0.0003 0.8924 0.0078 0.1061 0.0007 0.76 650.3 4.1 638.6 12.1 101.8 0.088 2.45E + 15
T95_8 89 0.927 992 0.00 0.000 0.0611 0.0003 0.8072 0.0118 0.0959 0.0013 0.92 590.2 7.6 641.6 11.9 92.0 0.099 2.75E + 15
T95_9 88 0.953 998 0.00 0.000 0.0617 0.0004 0.8023 0.0098 0.0944 0.0010 0.88 581.3 6.0 662.3 12.6 87.8 0.100 2.77E + 15
T95_10 94 1.124 1082 0.00 0.000 0.0617 0.0003 0.7959 0.0106 0.0936 0.0011 0.91 576.6 6.7 663.3 11.8 86.9 0.108 3.00E + 15
T95_11 91 0.927 1012 0.00 0.002 0.0617 0.0003 0.8364 0.0093 0.0982 0.0010 0.91 604.1 5.8 665.4 10.0 90.8 0.101 2.80E + 15
T95_12 95 0.959 1063 0.00 0.001 0.0615 0.0003 0.8225 0.0081 0.0970 0.0008 0.87 596.6 4.9 657.6 10.3 90.7 0.106 2.94E + 15
T95_13 95 1.028 1126 0.00 0.000 0.0614 0.0003 0.8097 0.0098 0.0956 0.0011 0.91 588.6 6.2 654.2 10.8 90.0 0.112 3.12E + 15
T95_14 94 0.969 1062 0.00 0.000 0.0615 0.0003 0.8192 0.0075 0.0966 0.0007 0.82 594.6 4.3 656.4 11.1 90.6 0.106 2.94E + 15
T95_15 95 1.114 1061 0.00 0.000 0.0611 0.0004 0.8274 0.0099 0.0982 0.0010 0.87 603.7 6.0 643.7 12.6 93.8 0.106 2.94E + 15
T95_16 22 0.012 263 0.00 0.001 0.0601 0.0004 0.7805 0.0104 0.0941 0.0011 0.86 579.9 6.4 608.6 14.5 95.3 0.023 6.47E + 14
T95_17 32 0.061 365 0.00 0.004 0.0600 0.0005 0.7885 0.0117 0.0953 0.0011 0.80 586.6 6.7 604.6 19.2 97.0 0.032 8.99E + 14
T95_18 171 1.650 1700 0.00 0.000 0.0612 0.0004 0.7918 0.0129 0.0938 0.0014 0.93 578.0 8.4 646.9 12.5 89.3 0.170 4.71E + 15
T95_19 171 1.296 1441 0.00 0.000 0.0615 0.0004 0.8111 0.0115 0.0956 0.0012 0.90 588.7 7.2 657.5 13.3 89.5 0.144 3.99E + 15
T95_20 114 0.234 1271 0.00 0.000 0.0611 0.0004 0.8292 0.0093 0.0984 0.0009 0.84 605.0 5.4 643.5 12.9 94.0 0.127 3.52E + 15
T95_21 17 0.075 118 0.00 0.000 0.0596 0.0003 0.7772 0.0095 0.0946 0.0011 0.92 582.7 6.2 588.7 10.3 99.0 0.010 2.91E + 14
T95_22 4 0.019 46 0.00 0.002 0.0601 0.0008 0.7844 0.0163 0.0947 0.0015 0.77 583.1 8.9 606.8 28.3 96.1 0.004 1.14E + 14
T95_23 5 0.042 59 0.00 0.002 0.0597 0.0006 0.7690 0.0138 0.0934 0.0013 0.80 575.4 7.9 594.1 23.0 96.8 0.005 1.45E + 14
T95_24 95 0.272 1101 0.00 0.000 0.0615 0.0003 0.8259 0.0106 0.0974 0.0012 0.92 599.1 6.8 656.8 10.6 91.2 0.110 3.05E + 15
T95_25 97 1.008 1094 0.00 0.000 0.0614 0.0006 0.8022 0.0114 0.0948 0.0010 0.74 584.1 5.9 651.7 20.3 89.6 0.109 3.03E + 15
T95_26 101 0.949 1100 0.00 0.001 0.0614 0.0005 0.8310 0.0108 0.0982 0.0010 0.75 603.9 5.6 652.2 18.2 92.6 0.110 3.05E + 15
T95_27 97 0.883 1083 0.00 0.000 0.0612 0.0006 0.8089 0.0106 0.0958 0.0009 0.73 589.8 5.4 647.5 19.3 91.1 0.108 3.00E + 15
T95_28 90 1.112 1018 0.00 0.001 0.0617 0.0006 0.8063 0.0117 0.0947 0.0011 0.78 583.4 6.4 665.2 19.2 87.7 0.102 2.82E + 15
T95_29 91 1.172 1009 0.00 0.001 0.0617 0.0006 0.8191 0.0126 0.0963 0.0011 0.75 592.6 6.5 663.5 21.7 89.3 0.101 2.80E + 15
T95_30 96 0.998 1053 0.00 0.000 0.0614 0.0005 0.8292 0.0128 0.0979 0.0012 0.82 601.9 7.3 655.0 18.7 91.9 0.105 2.92E + 15
T95_31 99 1.066 1109 0.00 0.000 0.0614 0.0005 0.8364 0.0110 0.0987 0.0010 0.74 606.9 5.6 654.8 18.9 92.7 0.111 3.07E + 15
T95_32 99 1.189 1101 0.00 0.000 0.0617 0.0005 0.8436 0.0102 0.0992 0.0009 0.73 609.5 5.1 663.7 17.7 91.8 0.110 3.05E + 15
T95_33 95 1.180 1082 0.00 0.000 0.0615 0.0005 0.8206 0.0106 0.0968 0.0009 0.75 595.5 5.5 656.7 18.3 90.7 0.108 3.00E + 15
T95_34 82 1.092 936 0.00 0.000 0.0609 0.0005 0.8093 0.0106 0.0963 0.0009 0.75 592.7 5.6 637.3 18.3 93.0 0.094 2.59E + 15
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Fig. 5. Wetherill concordia plot of U-Pb zircon data. Error ellipses are ±1σ and ages are
quoted at ±2σ.

Table 4
Oxygen isotope analyses of the zircon megacryst from sample T95.

Sample 16O cps (x 10 9) d 18OSMOW ‰ ± 1σ

T95@1_p1 2.81 7.12 0.13
T95@1_p2 2.84 9.09 0.14
T95@1_p3 2.83 7.64 0.13
T95@1_p4 2.85 10.39 0.12
T95@1_p5 2.81 9.07 0.13
T95@1_p6 2.91 9.73 0.12
T95@2_p1 2.79 10.59 0.13
T95@2_p2 2.83 10.57 0.13
T95@2_p3 2.84 10.13 0.13
T95@2_p4 2.90 9.93 0.13
T95@2_p5 2.95 10.32 0.13
T95@2_p6 2.94 9.91 0.12
T95@2_p7 2.92 9.71 0.13
T95@2_p8 2.96 9.49 0.13
T95@2_p9 2.97 9.43 0.13
T95@2_p10 2.97 8.88 0.13
T95@3_p1 2.77 11.47 0.13
T95@3_p2 2.65 11.15 0.13
T95@3_p3 2.74 10.20 0.12
T95@3_p4 2.83 11.27 0.13
T95@3_p5 2.87 10.03 0.13
T95@4_p1 2.83 10.47 0.12
T95@4_p2 2.83 11.07 0.13
T95@4_p3 2.86 10.11 0.13
T95@4_p4 2.84 10.02 0.13
T95@4_p5 2.91 9.75 0.12
T95@5_p1 2.71 10.24 0.13
T95@5_p2 2.44 12.34 0.13
T95@5_p3 2.61 11.21 0.13
T95@5_p4 2.64 10.93 0.13
T95@5_p5 2.76 10.20 0.13

left to right. This is particularly clear on profile @2, which yields
a steady rightward decrease of δ18O values from 10.6‰ to 8.9‰.
Overall, the heavy δ18O values are consistent with surface alteration
of the protolith(s) by liquid water at low temperature. Anatexis of

this protolith provided a melt with a high δ18O from which the
megacryst crystallized and inherited the heavy oxygen signature.

Hf isotopes were measured at ten locations (see Fig. 3D). Initial
Hf isotope ratios were calculated using the U-Pb age of the megacryst
(650 Ma) and are reported in Table 5. Analyses conducted at differ-
ent places of the megacryst yield a limited range of 176Hf/177Hf of
0.281761–0.281844 and εHf(t)CHUR of −19.7 to −22.5, with a mean of
−20.7 ± 1.0. It is noteworthy that although Hf analyses were conducted
at different locations, in particular in the high U domain (#5 and #6),
or in the fractured rim (#9 and #10) in the left upper part of the crys-
tal or close to the edge (#4 and #8), the Hf isotopic values are not sig-
nificantly different. This contrasts with the large variations observed for
the oxygen isotopes and suggests that the Lu-Hf system remained little/
not disturbed in the whole crystal. The negative εHft values indicate that
pre-existing continental crust (or material derived from it) was involved
in melt genesis from which the zircon crystallized. The HfDM model ages
range from 2805 to 2983 Ma, which indicates reworking of Archean ma-
terial in the production of the melt.

5.5. Trace elements in rutile

Analyzed rutile occurs as matrix grains in the thin section. The an-
alyzed grains display a very low Cr content (<100 ppm) but a high
Nb content ranging from 2898 to 7038 ppm (see Table 1). In the di-
chotomic Cr-Nb diagram of Triebold et al., 2012, the four analyses
plot in the field of rutile from metapelitic protolith (Fig. 6), which
is consistent with production of the leucosome by melting of pelitic
material as deduced from Hf and O isotopes in the zircon megacryst.
The analyzed grains show sub-chondritic Zr/Hf ratios (16.5–22.9), but
supra-chondritic and highly variable Nb/Ta ratios (25.2–79.5). Their
Zr content ranges from 493 to 739 ppm, which, using the thermome-
ter of Ferry and Watson (2007), results in a mean temperature
of 702 ± 24 °C (assuming a ± 25 °C uncertainty for each measure-
ment). This is significantly lower than the Ti-in-zircon temperature cal-
culated for the central part of the megacryst (811 ± 15 °C), but it is
in good agreement with the temperature calculated from its border
(717 ± 25 °C).

6. Discussion

Thanks to its millimetric size, the zircon megacryst discovered in the
thin section allowed performing a large range of chemical and isotopic
analyses, which together provide a unique opportunity to pinpoint its
age and crystallization environment as well as the post-crystallization
events registered by the different chemical systems. When combined
with the P-T information available for the surrounding basement rocks
of the Egéré terrane, this also enables to link the chemical record of the
zircon with known geological events. More specifically, the new data
have important implications for the geodynamic evolution of the Egéré
terrane during the Neoproterozoic amalgamation of the Tuareg Shield.

6.1. Origin of the megacryst: detrital grain inherited from the surrounding
metapelites or in situ crystallization from the anatectic melt?

Clarification of the origin of the zircon megacryst is key to the in-
terpretation of the geochemical data, especially when it comes to build-
ing a large-scale geodynamic model of evolution for the Egéré ter-
rane and the Tuareg Shield. The zircon megacryst can indeed be re-
garded either as crystallized from the anatectic melt producing the peg-
matitic leucosome, or as being inherited, i.e. transported from source
or surrounding rocks by the anatectic melt from which the pegmatite
crystallized. The question is worth asking since the leuco
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Table 5
Hf isotope analyses of the zircon megacryst from sample T95.

Sample 176Yb/177Hf 176Lu/177Hf 176Hf/177Hf* ±2σ 176Hf/177Hf** εHfi ±2σ TDM

T95_#01 0.0661 0.0019 0.28184 0.00001 0.28181 −19.5 0.7 2817
T95_#02 0.0649 0.0018 0.28184 0.00001 0.28181 −19.6 0.7 2822
T95_#03 0.0694 0.0020 0.28184 0.00001 0.28182 −19.4 0.7 2807
T95_#04 0.0645 0.0018 0.28183 0.00001 0.28181 −19.9 0.6 2838
T95_#05 0.1080 0.0030 0.28178 0.00001 0.28174 −22.2 0.7 2985
T95_#06 0.0350 0.0008 0.28179 0.00001 0.28178 −20.8 0.6 2898
T95_#07 0.0752 0.0021 0.28180 0.00001 0.28178 −20.9 0.7 2899
T95_#08 0.0720 0.0021 0.28183 0.00001 0.28181 −19.8 0.7 2835
T95_#09 0.0106 0.0003 0.28181 0.00001 0.28180 −19.9 0.8 2841
T95_#10 0.0108 0.0003 0.28176 0.00001 0.28176 −21.6 0.8 2944
Weighted mean: 0.28179 −20.4 1.0 2869

λ = 1.867 × 10 −11 year −1, decay constant of 176Lu (Soderlund et al., 2004). εHfi calculated using 176Hf/ 177HfCHUR(0) = 0.282772, 176Lu/ 177HfCHUR = 0.0332 (Blichert-Toft and
Albarède, 1997).
* Measured ratios, ** Age corrected ratios.

Fig. 6. Cr-Nb diagram of Triebold et al. (2012) for rutile analyzed in the thin section of sample T95. Fields for granulites, metapelitic gneisses and high-temperature (sapphirine-bearing)
gneisses are from Meyer et al. (2011).

some was sampled within anatectic metapelites, a material that com-
monly hosts large amounts of zircon and from which the megacryst may
well be inherited. In the following we argue that the megacryst crys-
tallized from the melt producing the leucosome and is not a relict min-
eral preserved from the metapelite. First, surrounding metapelites are
fine-grained sediments for which the particle size (typically less than
63 µm) is not compatible with that of the zircon megacryst. Second,
minerals in the leucosome that are clearly related to crystallization from
the melt (K-feldspar, white mica, quartz) are coarse grained and are con-
sistent with the size of the megacryst. As already mentioned, the ragged
appearance of the edge of the crystal, especially in its lower part, indi-
cates a modification of the original shape due to dissolution processes.
This could be taken as evidence for magmatic corrosion during residence
of the megacryst in a melt, thus lending support to the inheritance hy-
pothesis. However, a close examination of the crystal shows that this
ragged appearance is always associated with the feldspathic band sur-
rounding almost entirely the crystal and cutting across both the zircon
and the large K-feldspar engulfing the latter. Where this band is ab-
sent, the contact between the zircon and the K-feldspar is sharp and
does not show any sign of corrosion. Thus, we argue that the ragged
appearance visible in some parts of the grain is due to late alteration
by fluids, and not to residence of a crystal inherited from the sur-
rounding metapelites in a zirconium undersaturated melt. Another in-
dependent argument for crystallization of the megacryst from the leu-
cosome is provided by the study of Arab (2016), in which U-Pb ages

were measured on detrital zircon grains (n = 120) from the surround-
ing metapelites. The cores of these zircons define an age spectrum
ranging 745–3094 Ma, with no detrital age younger than 745 Ma de-
tected. Conversely, the low Th/U rims of these zircons define an age
of 648 ± 10 Ma (Arab, 2016), which was attributed to a metamorphic
growth event. We therefore consider that derivation of the megacryst
from the surrounding metapelite as an inherited grain is unlikely, and
favor the interpretation that the zircon crystallized from the anatec-
tic melt corresponding to the pegmatitic leucosome. The U-Pb age of
654 ± 5 Ma obtained in this study is thus taken as our best estimate for
partial melting of the metapelite and production of the pegmatitic leu-
cosome. The younger age of c. 580 Ma obtained on some domains of the
crystal is related to post-crystallization disturbances, the significance of
which is discussed below.

6.2. Signature, stability and behaviour of chemical and isotopic tracers

From the arguments above, the megacryst is interpreted as hav-
ing crystallized from the anatectic melt that produced the pegmatitic
leucosome and is thus of magmatic origin. The euhedral to subhedral
shape of the grain is consistent with this view as well as the growth
bands observed in natural light that correspond to oscillatory zoning,
a common feature of magmatically grown zircon (e.g., Hoskin and
Schaltegger, 2003). The REE pattern of the central part is also typ-
ical of magmatic zircon (e.g., Barth et al., 2016), with steep HREE
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pattern (Gd/YbN > 30) and a prominent positive Ce anomaly. The
megacryst displays a very low Th/U ratio (mean value of 0.0009 for the
29 analyses used in the age calculation), largely less than 0.1, a thresh-
old below which zircon is classically considered as solid state grown
(e.g., Williams and Claesson, 1987; Rubatto, 2002; Gilotti et al.,
2014) but that has also been attributed to suprasolidus metamorphic
zircons crystallized from a melt. In anatectic melts, the Th/U of zircon
can reflect element availability (Th/U ratio and U and Th concentration
of the melt source) or buffering of the crystallizing environment by min-
eralogical phases partitioning Th against U, such as allanite, apatite and
monazite (e.g., Rubatto et al., 2009; Yakymchuk et al., 2018). In
the studied rock, we found no candidate minerals that can strongly par-
tition Th against U to impose a low Th/U ratio to the zircon, in partic-
ular no monazite was observed in the thin section. It is thus likely that
the low Th/U ratio of the megacryst reflects the Th/U ratio of the ana-
tectic melt from which the zircon crystallized, hence suggesting seques-
tration of Th in the residual assemblage. This conclusion is supported
by modelling of melting in metapelitic systems (e.g., Hermann and Ru-
batto, 2009), which indicates that at c. 800 °C and 25kbar residual allan-
ite, and at higher pressure residual monazite, is expected to coexist with
melts, with up to c. 50% partial melting. The zircon megacryst-bear-
ing leucosome can thus be interpreted as an allanite/monazite buffered
melt.

Trace element composition of the edge of the crystal indicates that
the pattern of magmatic zircon observed in the inner part of the
megacryst has been deeply modified. This is evident from the three
analyses carried out close to the upper and lower terminations. In these
three analyses, the HREE content is significantly lower. In addition, the
analysis with the least pronounced positive Ce anomaly displays the
highest LREE content. The low HREE content is not related to modifi-
cation of the essential structural element such as Si or Zr since EPMA
analyses do not show any significant differences (see Table 1). Thus,
lowering of the HREE is real and is not a side effect of an incorrect in-
ternal standardization. These altered domains are also characterized by
a lowering of HFS, fluid immobile, elements (Nb and Ta) and a drastic
loss of Y (divided by four on average) and U (broadly divided by three).
These variations in element contents are not accompanied by significant
variations in invariant inter-element ratios such as Nb/Ta or Y/Ho (see
Table 2), indicating that no fractionation had occurred. Purging of el-
ements has been proposed by Pidgeon (1992) as typical of solid-state
recrystallisation processes and is in agreement with the observed varia-
tions. The Hf isotopic composition measured throughout the whole crys-
tal does not show significant variations and provides consistently nega-
tive εHfi (mean εHfi = −20.7 ± 1.0), including two analyses from the
edge of the crystal (see Table 3). This observation further supports re-
crystallisation processes rather than new zircon growth. These recrystal-
lization processes were efficient in modifying the chemical composition
of parts of the megacryst, particularly in lowering most trace elements
(U, Nb, Ta, Y and ∑REE), but did not affected the composition of the
major elements (Si, Zr and Hf) constituting the crystal lattice. It is there-
fore not surprising that the Hf isotopic composition remained unaffected
by these processes, and this in turn emphasizes further the robustness of
the Lu-Hf isotopic system within the zircon.

The behavior of oxygen isotopes is puzzling. The large variations
of δ18O observed throughout the megacryst, from 7.1‰ to 12.3‰,
clearly call for an isotope heterogeneity. Because the megacryst has
a high mean U content of c. 1000 ppm on average, we first com-
pare the U content with the δ18O values measured. Indeed, recent
studies have highlighted the correlation between the metamictisation
state of the crystals and a lowering of the oxygen isotope composition
(e.g., Gao et al., 2014a, 2014b). Similarly, fluid circulation along

cracks and interaction with radiation-damaged zircon domains can also
be envisioned (e.g., Pidgeon et al., 2017). The U content in zircon
can be used as a proxy for the degree of radiation damage to the crys-
tal. However, following Meldrum et al. (1998) we consider that the
dose in displacement per atom (Ddpa) constitutes a more efficient proxy,
because this approach also takes the age, and thus the accumulated ra-
diation damages, into account. In the megacryst, the average degree of
radiation damage as measured by the α dose is around 0.11 Ddpa (or
2.94 × 1015 α/mg) for the analyses quoted in Table 3. This is close to,
although slightly below, the first stage of damage accumulation in zir-
con. This stage is dominated by the formation of isolated point defects
(Murakami et al., 1991), which anneal over time under low tempera-
ture conditions. This degree of α dose can explain the slight, zero age,
discordance (and loss of radiogenic Pb) of the analyzed zircon domains,
but also indicates that most of the megacryst was not deeply modified
by radiation damages. In addition, analyses performed in the high U
zone (left upper part) of the megacryst display δ18O values of 10.2–10.9
(see Table 4) which are not significantly different from lower U do-
mains, although the calculated α dose of 0.50 Ddpa (1.4 × 1016 α/mg)
is typical of aperiodic zircon domains (Murakami et al., 1991). It fol-
lows that variations of the oxygen isotopes within the megacryst are
not related to the degree of radiation damage to the zircon lattice nor
to fluid circulation along cracks allowing reaction with damaged zircon
domains. Then what is the cause for such large oxygen isotope varia-
tions? Profile @1 set apart, oxygen isotope compositions show a ten-
dency to become progressively lighter rightwards. This is particularly
obvious for the longest profile @2, with values decreasing from 10.6 to
8.9‰. Again, this trend to lighter oxygen values is not correlated with
the Ddpa. Experimental or natural examples indicate low diffusivity of O
and preservation of the original oxygen isotopic signature in zircon up
to high temperatures corresponding to granulite facies conditions (e.g.,
Watson and Cherniak, 1997; Peck et al., 2003), thus also precluding
volume diffusion as a viable mechanism to explain the unidirectional
large isotopic variations in the megacryst. Oxygen isotope zoning has
been observed in large garnet grains and zircon (e.g., Chamberlain and
Conrad, 1991; Page et al., 2019), where sharp core to rim variations
have been attributed to changes in the isotopic composition of the meta-
morphic fluids with which the crystals equilibrated. The smooth unidi-
rectional trend observed in the megacryst is however not consistent with
such zoning. It is generally agreed that under wet conditions, the reten-
tivity of the primary O signature in various minerals, including zircon,
is much less robust (Watson and Cherniak, 1997) and that isotopic
exchanges at lower temperatures can be promoted by interactions with
fluids with the likelihood of a partial isotopic re-equilibration (e.g., Mar-
tin et al., 2008). In the megacryst, the large variations observed, and
the rightward trend toward lighter oxygen signatures suggest isotopic
exchanges and partial resetting. This is consistent with the lighter oxy-
gen isotopic composition observed in the lower part of the grain (down
to 7.6–7.1‰). These values have been measured close to the feldspathic
veinlet in contact with the megacryst. Interaction between this veinlet
and the megacryst is evidenced by the saw-tooth shape of the edge of
the grain (see Figs. 2 and 3). We thus speculate that the variations
in the oxygen isotopic signatures result from alteration of the host rock
driven by interaction with a low δ18O (≤7.1‰) fluid. It is noteworthy,
that the δ18O measured in the lower edge of the grain are heteroge-
neous (see profile @1 with δ18O ranging from 7.1 to 10.4‰) indicat-
ing that fluid-mineral interaction was not efficient, on a large-scale, to
fully reset the O isotopes. In addition, we argue that the rightward trend
observed in profile @2 is consistent with a gradient tied to the occur-
rence of the large K-feldspar on the left of the megacryst which protected
the zircon grain from percolating fluids and provided a shielding effect.
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This study thus constitutes an example of a zircon grain with a magmatic
internal structure (oscillatory zoning) that, in most parts, preserved its
primary trace-element (REE, Ti) and isotopic (Hf and U-Pb) signatures.
Only in recrystallized domains, the trace elements and U-Pb systems
were deeply modified by purging of elements and resetting of the U-Pb
chronometer. Conversely, the O isotope signature was pervasively modi-
fied but not fully re-equilibrated during subsolidus secondary exchanges
with a fluid phase. The complete resetting of the O isotope signature was
probably hampered by the huge size of the megacryst slowing diffusion.
A major conclusion is thus that, under equivalent conditions, the reten-
tivity of zircon for O is lower than for REE, HFSE (Hf and Ti notably)
and Pb. In addition, in usual cases were zircon size is typically in the
range 80–150 µm, a complete and eventually unrecognized modification
of the O signature can occur, with the risk of linking secondary O signa-
ture to primary trace elements, Hf and U-Pb characteristics. Concerning
the studied megacryst, deciphering its primary O signature is difficult
but we posit that the highest δ18O measured (from 11.2 to 12.3‰) plead
for a metasedimentary source for the melt, in agreement with the Hf iso-
topes which indicate recycling of an Archean crustal component (aver-
age Hf TDM of c. 2.8 Ga) and with the intrusive nature of the leucosome
in the surrounding metapelites.

6.3. Geodynamic implications

Recent studies by Doukkari et al. (2014) and Doukkari et al.
(2015) identified three major metamorphic evolutionary stages on
eclogites from the Tighsi area in the Egéré-Aleksod terrane. Garnet
cores in eclogite emphasize peak metamorphic conditions at 19.6 kbar
and 694 °C (M1), followed by heating to 774 °C during decompres-
sion at 15.5 kbar (M2) and retrograde exhumation at 9.3 kbar and
695 °C (M3). In the studied anatectic leucosome, the megacryst crys-
tallized at 654 ± 5 Ma at a temperature of 811 ± 15 °C (see Fig. 7).
This temperature is slightly higher than, but probably within errors
of, the temperature attributed to the M2 event of Doukkari et

al. (2014). Post-peak heating during exhumation is typical of HP rocks
involved in collisional orogen and is often accompanied by partial melt-
ing of felsic and metasedimentary rocks surrounding eclogites (e.g., Gao
et al., 2011). This is also consistent with experimental studies (e.g.,
Vielzeuf and Holloway, 1988; Auzanneau et al., 2006), indicating
that partial melting of metapelitic rocks and metagraywackes initiates
between 800 and 900 °C during decompression. We thus propose that
production of the anatectic leucosome was accomplished during M2. It
follows that the peak of HP eclogitic metamorphism in the Tighsi area
(c. 20 kbar after Doukkari et al., 2014, 2015) of the Egéré terrane is
older than 654 ± 5 Ma.

This minimum age for the eclogite facies metamorphism is signifi-
cantly younger than the 685 ± 19 Ma Sm/Nd mineral isochron age of
garnet amphibolites in the Laouni terrane, further south (Liégeois et
al., 2003). We first note that the latter age has been interpreted as dat-
ing the retrograde amphibolite facies metamorphism (12 kbar – 830 °C)
and is thus also a minimum age for the climax of eclogite facies con-
ditions in LATEA. In addition, the P-T conditions for amphibolite fa-
cies metamorphism in Laouni are shallower (12 kbar versus 15.5 kbar)
and hotter (830 °C versus 774 °C) suggesting that both environments
may not be fully comparable. Assuming that all eclogite occurrences in
LATEA once belonged to a single unit of c. 500 km long, as proposed by
Liégeois et al. (2003), the differences in P-T conditions and age of ret-
rograde metamorphism between the Egéré and Laouni terranes may be
related to different burial and exhumation kinetic along strike. Although
this needs further substantiation, these differences could also indicate a
N-S diachronism of HP metamorphism, with eclogite facies conditions
and onset of exhumation reached earlier southward. This diachronism
may be related to the geometry of the initial contact between the Iskel
terrane and LATEA which could have been non-linear and for example
inherited from the rifting phase affecting LATEA and that subsequently
evolved to an oceanic domain (the so called Ammas ocean of Liégeois,
2019).

Fig. 7. Histogram of temperatures recorded for the zircon megacryst (central part and rim) and rutile grains in sample T95.
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Another interesting point to discuss is the comparison with HP meta-
morphism that developed along the western part of the Tuareg Shield
(i.e. Tassendjanet terrane, Caby and Monié, 2003; Berger et al.,
2014), along the WAC (Gourma and Togo, Jahn et al., 2001; Ganade
de Araujo et al., 2014) and in Brazil (Forquilha, Ganade de Araujo
et al., 2014). In this part of the orogen, subduction and formation
of oceanic island-arc is older than c. 750–800 Ma owing to the age of
well-preserved intra-oceanic island arcs (El Hadi, 2010; Berger et al.,
2011; Bosch et al., 2016). This is comparable to the age of the old-
est calc-alkaline magmatism (870–840 Ma) in the Iskel terrane (Caby
et al, 1982), west of LATEA, and attributed to the westward subduc-
tion of the Ammas Ocean. This indicates that subduction of oceanic do-
mains on both sides of Western Hoggar was mainly coeval (>800 Ma).
The main difference resides in the age of HP eclogite facies metamor-
phism. In the western part of the Tuareg Shield, HP metamorphism and
fast exhumation to lower crustal levels occurred in the restricted time
range of 610–625 Ma, just after the beginning of the Tuareg/WAC col-
lision (c. 630 Ma after Caby, 2003). This is significantly younger than
the ≥650 Ma age constraints for eclogite facies metamorphism and onset
of exhumation in the Egéré (this study) and Laouni terranes (Liégeois
et al., 2003). Since exhumation of HP rocks most often occurs during
the first stages of collision, we conclude that closure of oceanic domains
and collision stages were clearly diachronous in the Tuareg Shield. In
the central part of the Tuareg Shield, west of LATEA, consumption of
the Ammas ocean started at c. 870 Ma (Caby et al., 1982) and lasted
until 650–640 Ma (Bechiri-Benmerzoug et al., 2011), the age of the
youngest calc-alkaline batholiths in the Iskel island-arc terrane. The age
of these youngest plutons is broadly consistent with the onset of ex-
humation of HP units in the Egéré terrane, suggesting cause and effect
relationships. We suggest that this period reflects the end of subduction
processes and the collision with the passive margin of LATEA. Shallow
underthrusting of the lithosphere of LATEA beneath Iskel may have trig-
gered exhumation of subducted units when slab pull was counterbal-
anced by buoyancy of continental units entering subduction.

Recrystallization of the edge of the zircon megacryst occurred at
584 ± 6 Ma at a temperature of 717 °C, which is the same as that
recorded by matrix rutile (702 ± 24 °C) (Fig. 7). Gao et al. (2014b),
and later Sengun and Zack (2016), first proposed to tie the Nb/Ta
ratio of rutile to its prograde or retrograde growth, where supra-chon-
dritic values (>17.6 after McDonough and Sun, 1995) reflect a ret-
rograde growth event. Rutile analyzed in this study displays a wide
range of supra-chondritic Nb/Ta ratios ranging from 25.2 to 79.5 and
we thus conclude that its growth occurred in the retrograde path. On
that ground, it is tempting to link rutile growth and zircon recrystalliza-
tion to the retrograde stage of metamorphism, in particular to M3 that
is characterized by P-T conditions of 9.3 kbar and 695 °C (Doukkari
et al., 2014). In such a case, the 584 ± 6 Ma recrystallization age of
parts of the megacryst would then provide our best estimate for the ret-
rograde stage M3. Combining this constraint with the age of 654 Ma
for production of the anatectic leucosome during M2 (15.5 kbar and
774 °C), we calculate a mean cooling and exhumation rate of 1.1 °C/
Myr and 0.26 km/Myr. These very low rates contrast with regurgitation
of (U)HP buoyant crustal slices which typically rise to mid-crustal lev-
els at exhumation rates of c. 10 km/Myr (e.g., Ernst, 2001). Most im-
portantly such a calculation implies that LATEA went through a steady
cooling in the 650–580 Ma time range. This is clearly not realistic since
the 615–580 Ma time range corresponds to the climax of intrusion of
large batholiths in LATEA (Bertrand et al., 1986) inducing recrys-
tallisation of zircon in Paleoproterozoic basement gneisses (e.g., Bar-
bey et al., 1989; Bendaoud et al., 2008) and followed by em-
placement of shallow circular plutons (e.g., Abdallah et al., 2007).

We thus contend that recrystallisation of the zircon megacryst at c.
580 Ma cannot be used to extrapolate the cooling path followed by base-
ment rocks in LATEA since this age is likely to reflect reheating of the
lower/middle crust. The observation by Caby and Bruguier (2018)
that large parts of the Arechchoum gneisses include diatexites and con-
sist of anatectic elongated domes displaying features of hot orogens sub-
mitted to viscous flow (e.g., Rey et al., 2011) strongly supports the oc-
currence of a partially molten crustal level in the lower crust of LATEA
at that time. This soft crustal level may have assisted escape tectonics
along major lithospheric shear zones such as the 400B050′ or 8°30′ oc-
curring at the end of the Pan-African orogeny.

In addition, in the eastern part of the Tuareg Shield, east of the 8°30′
shear zone, the period between 575 and 555 Ma was characterized by
an intracontinental deformation (Fezaa et al., 2010) related to the
Murzuk craton, a rigid and undeformed part of the composite Saharan
metacraton (Abdelsalam et al., 2002; Liégeois et al., 2013). This
activity corresponds to the end of the Pan-African events in the Cen-
tral and Eastern part of the Tuareg Shield and most likely to reorga-
nization of plate boundaries during consumption of the last remaining
(weak) spaces. We propose that the final push of the Saharan metacra-
ton in the East was responsible for the observed architecture of the Egéré
terrane (Caby and Bruguier, 2018), where elongated domes of base-
ment gneisses alternate with HP metasedimentary synforms of the Egéré
group.

7. Conclusion

By combining geochemical (major and trace elements, O and Hf iso-
topes) and geochronological data on a zircon megacryst from a leuco-
some intruding HP metapelites from the Egéré group, we show that
the megacryst has typical igneous characteristics and crystallised at
654 ± 5 Ma at a temperature of c. 800 °C from a melt produced in the
stability field of monazite. Oxygen and Hf isotopes substantiate pro-
duction of the anatectic melt by partial melting of metasedimentary
sources, which are likely to be the surrounding metapelites. Saw-tooth
edge of the megacryst at the contact with feldspathic veinlets indicates
fluid-mineral interactions, which triggered recrystallisation of parts of
the megacryst at 584 ± 6 Ma and c. 700 °C. Recrystallisation did not af-
fect the Hf isotope signatures but was responsible for lowering of some
trace element contents (including HFSE, U and Y). In addition, we show
that this event was responsible for a pervasive disturbance of O isotopes
in the megacryst. This is consistent with experimental data showing that
the retentivity of O isotopic signatures in zircon under wet conditions is
lower (Watson and Cherniak, 1997).

Using these data and published petrological ones (Doukkari et al.,
2014), we propose that the HP metasediments of the Egéré group,
which were buried to depth of c. 20 kbar (700 °C), started their
post-peak exhumation by decompression heating (c. 16 kbar and 800 °C)
at 654 ± 5 Ma. This evolution contrasts with the younger metamorphic
evolution for HP units preserved along the western part of the Tuareg
Shield (peak HP and exhumation occurring between 625 and 610 Ma;
e.g., Jahn et al., 2001; Berger et al., 2014; Ganade de Araujo et
al., 2014). Although subduction of oceanic domains was broadly coeval
on both sides of Western Hoggar, this indicates that HP metamorphism
and collision stages were diachronous.

Fluid-mediated recrystallization of zircon domains at 584 ± 6 Ma
is coeval with the climax of batholith intrusion in LATEA. This obser-
vation, and the anatectic nature of large parts of basement rocks in
the Egéré terrane, suggests the existence of a partially molten crustal
level in LATEA, which could have assisted the tectonic escape of crustal
blocks along major lithospheric shear zones at the end of the Pan-African
orogeny.
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“Old zircons never die” but time leaves indelible scars on their geo-
chemical DNA that are testimony of the diversity of events they went
through. This can be seen as a blessing rather than a curse providing
high spatial resolution and high precision analyses can be performed in
order to unravel and pinpoint the vast information recorded in tiny in-
tra-crystalline domains of single zircon crystals as well as other acces-
sories (e.g., Fisher et al., 2020).
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