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Abstract:  Coarse-grained  whiteschists  (talc-kyanite  rocks),
containing the high-pressure environment talc-kyanite-quartz +
phengite assemblage (~ 20 kbar and 600°C) are abundant in the Ti-
N-Eggoleh region.

Texturally these whiteschists show breakdown of talc + kyanite +
quartz to cordierite in silica-rich samples during decreasing pressure
(~ 10 kbar and ~ 700°C), whereas kyanite + talc react to allow the
growth of cordierite-sapphirine symplectites with increasing
temperature (8-10 kbar and ~ 800°C), or cordierite + corundum in
silica-poor microdomains during the cooling stage (~ 600°C).

The metamorphic evolution of these M(F)ASH rocks are consistent
with the closure of an oceanic basin that likely occurred during the
Pan-African orogeny that developed during the assembly of the

supercontinent Gondwana between 750 and 500 Ma.

l. Introduction

Talc-rich kyanite-bearing schists or Whiteschists
are high-pressure rocks (>10kbar). Major element
analyses define these rocks within the relatively
simple MgO, Fe;0s3 Al,O; SiO; and H0
(MFASH) metamorphic rocks that contain talc- and
kyanite (+ quartz or coesite) as equilibrium phases.
Some investigators [1] extended this domain to
include coesite-pyrope quartzites, which they
regard as ultrahigh-pressure protoliths of high-
pressure talc-rich schists.

Whiteschists develop by the extreme metasomatic
alteration of common rock-types, by elimination of
mobile elements such as alkali elements, CaO, FeO,
MnO, P,0s, Rb, Ba, etc, during metamorphism.

The talc-rich schists protolith is difficult to identify,
due to extensive geochemical and textural

metasomatic alteration; however, the usual known
have been interpreted to be meta-sediments or

volcanic deposits [2, 3]. Recent studies indicate that
some examples have mafic -meta-basalt [4, 5, 6],
granite [7, 8] or a mixture of acid and
mafic/ultramafic precursors [9], having undergone
high-pressure, extreme metasomatic process.
According to Franz [10], the production of
whiteschists occurs in a wide stability environment,
which strongly depends on the chemical
composition of the protolith that requires elevated
contents of Al and Mg as well as low Fe, Ca, and
Na contents and depends on XCO, and fO».

The major aim of this work is to present textural,
mineralogical and the P-T environment of talc-rich
schists from the Ti-N-Eggoleh region (Central
Hoggar). The significance of the results will be
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discussed in a regional context, trying to throw
some light on the evolution of the Hoggar shield.

I1. Materials and methods
11.1. Geologic outline

The Tuareg Shield comprises the Hoggar, the Air
and the Ifors cratons (Fig. 1). It represents a part of
the Trans-Saharan Pan-African orogenic belt that
runs from the Atlantic Ocean (Nigerian Shield) in
the south towards the Alpine Atlas Belt to the north
with a surface of 550,000 km? It is made of
Precambrian rocks surrounded by Paleozoic
sediments deposited after the end of the Pan-
African orogeny.

The Tuareg Shield is composed of 25 displaced
terranes that are separated by subvertical strike-slip
shear zones or major thrust fronts [11], (Fig. 1).
These terranes, amalgamated together during the
Pan-African orogenic cycle between 870 and 540
Ma, have different origins and are composed of
either  variably = reworked  Archaean to
Paleoproterozoic domains [12], or of juvenile
Neoproterozoic units [13, 14, 15, 16,17]. During the
final collisional stage at 630-580 Ma, the Tuareg
Shield was compressed between the West African
craton (WAC) to the west and the Saharan
metacraton to the east during the Pan-African
orogeny due to the closure of a large ocean (18, 19,
15,12, 11].
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Fig 1. Synthetic geological map of the Tuareg
Shield with the delimitation of the 25 terranes [11].

The Tuareg Shield is subdivided into three parts,
with the western part being mostly juvenile and
Neoproterozoic in age, the eastern part being of
more enigmatic origin and possibly related to an
eastern craton, and the central part being dominated
by old metamorphic lithologies that are intruded by
abundant 630-580 Ma granitoid plutons and
batholiths [20, 21].

The central Hoggar mainly comprises the LATEA
(Laouni, Azrou N'Fad, Tefedest, Egéré and
Aleksod) “metacraton” (Fig. 1), which includes
several Proterozoic and Archaean terranes. The
western and eastern margins of the LATEA are now
delimited by a series of oceanic origin [15]: the
Iskel Terrane, to the west (Fig. 1) and the juvenile

Neoproterozoic Sérouénout Terrane, to the east
(Fig. 1) that comprises kyanite + talc-rich schist
and eclogitic assemblage lithologies [22, 23, 9].
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Fig 2. Geological sketch map of the Central
Hoggar, adapted from [15].

The only high-P rocks (eclogites) reported so far in
the Sérouenout terrane (See in Fig. 2) have been
observed in the Ti-N-Eggoleh area [23, 9, 22].

This area (Fig. 3) is also made up of a complex
mixture of  carbonaceous metasediments,
peridotites, whiteschists (i.e. kyanite + talc schists),
chlorite schists and hydrothermal sulphide ores
reminiscent of an  “ophiolitic = mélange”
metamorphosed under eclogite-facies conditions.
The Ti-N-Eggoleh region comprises distinct series,
which are in agreement with those previously
reported by Guérangé [24], but with a much greater
degree of metamorphism, resulting from a complex
evolution model. The exceptional nature of the
outcrops allows highlighting a sequence of
metasedimentary or basic gneisses crossed by an
important system of late dolerite veins, gabbroic
sills and peridotites (Fig. 3). Numerous granite
types displaying various petrographic features are
also present in the ground. The paleo basement,
which is most likely the older unit, is rarely
exposed. It corresponds to biotite or amphibole-
bearing migmatitic gneisses which form isolated
limbs and often covered by recent sedimentary
deposits (Tassili).
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Fig 3. Outcrop mode of whiteschists and associated
rocks in the Ti-N-Eggoleh hills

The cover series are varied, but three major types
can be distinguished. These involve a thick schist
series, comprising talc schists and chlorite schists
associated with extensive calcomagnesian and
greenstone sequences.

The serpentinite greenstones are often traversed by
veins of calcite, giving the ophicalcite appearance
to most of the outcrops of these greenstone rocks.
Consequently, it is usually hard to distinguish
marble from serpentinite.

The cover series include also other less frequent
rock types as calcareous quartz-calcite-dolomite
sandstones and kyanite-rich corindonites. To these
formations are associated high-pressure eclogites
[22].

Marbles are present as small lenses, on the flat
relief of the region, or occupy vast areas that can
cover several hundred meters squared around Oued
Tiguelei. These are white bluish or pinkish marbles,
colored occasionally by spinel and corundum.

Other dense marble bodies are also mapped in this
region. They are particular by the unusual presence
of hibonite, which occurs exclusively in high
temperature environments.

The dominant rock in the Ti-N-Eggoleh area is talc-
kyanite rich schist that develops exclusively in Mg-
rich systems of high-pressure environments.

I11. Results and discussion
I11.1. Petrography

A

Talc schists or whiteschists from the Ti-N-Eggoleh
region are widespread (Figs. 3 and 4). They include
the rare mineral assemblage talc (TIc) + kyanite
(Ky) * quartz (Qtz) that requires high-P
environments for its growth (Fig 5a). Amphibole
(Amph), phengite (Phn) and chlorite (Chl) are
minor phases in these rocks (Fig. 5b) and cordierite
(Crd), sapphirine (Spr) and corundum (Cor) are
mostly related to late-stage corona textures and
symplectites (Figs. 5¢ and d).
The mineralogy of whiteschists is basic but
variable. This may explain their possible transition
to chlorite schists or even to chlorite quartzites,
when the size of talc reduces or totally disappears
[25].
The prevalent presence of remnant quartz grains
(Fig. 5a) would suggest that it is a principal
reactant in achieving equilibrium leading to the
occurrence of talc and kyanite. The other reacting
mineral must be ferromagnesian to attain the
chemical equilibrium.
According to observed textures, the additional
reactant was consumed in significant proportions
during initial equilibrium, since its traces are no
longer found in most samples.
Chlorite, considered as a potential candidate for this
equilibrium (Ry), is observed in some quartz-poor
samples. So, the most likely balancing is as follows:

3 Chl+16 Qtz = 4 Tic + 6Ky

(Ry).

This reaction, first reported by Schreyer &
Abraham [26] is widely accepted now days to
account the stable talc-kyanite (x quartz)
assemblage in most whiteschist deposits.
The development of cordierite among early
paragenesis minerals (Fig. 5a) occurs as a result of
changing stability conditions in the rock (Rz). This
reaction is only common in silica-rich
microdomains and takes place as follows:

Tlc + Ky + Qtz = Crd(R2).

1 Ta (Si7.083Al0.116 Ti0.000F€0.074MnN.005Ms.763Ca0.004Na0.025K0.000F0.009Cl0.001H3.899024)
Tic + 58687 Ky (SizAlOs)
Ky + 0.9656 Otz (Si02)
Qtz 0.1110 0
= 2.9631 Crd (Sis.000Alz.000 Ti0.003F€0.024MnN0.000MQ1.945Ca0.005N&0.027K0.007018)
Crd + 1.9499 Fluid (H.0)
H,0 R (Sio.000Al0.000Ti-0.009Cr0.000F€0.004MN0.005MQ0.001Ca-0.012Na-0.055K0.023F0.099Clo.001)
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Fig 4. Outcrop type of Ti-N-Eggoleh whiteschists in the field. (a) They occur as spheres and as metric beds on
the elevated hills, and (b) as several hundred metre long lodes on the reg.

Only rare whiteschist outcrops contain talc-kyanite-quartz. Most of the rocks are talc-kyanite and generally are
replaced by cordierite-saphirine and/or corundum symplectites.

Considering the observed textures, too, the growth cordierite-saphirine  (R3)  and/or  cordierite-
of sapphire-cordierite-corundum assemblages could corundum symplectites (R4). The following
occur secondarily (Figs. 5 ¢ and d), due to another paragenetic sequence can be retained in this case:

late change in the P-T environment. This led to
instability of talc and kyanite and the growth of

Tlc + Ky = Crd + Spr

1
Tic + Ky 5.1355
0.0287
= 2.6251
0.3898

Crd + Spr + H20 1.9934

Tlc + Ky = Crd + Cor

1
Tlc + Ky 6.6042
0.1961
=
2.8998
Crd + Cor + H;0 0.9848
1.9340

(Ra),
Ta (Si7.973Al0.351 T i0.005F€0.086MNo.003M 05 330Ca0.027Na0.028K0.008F0.008Clo.00sH3.987024)
Ky (Si1A|205)
(6]

Crd (Sis.984Al3.975Ti0.000F€0.016MN0.001M2.027Ca0.004N&0.024K0.004018)

Spr (Sio.7s6Alz.484Tio.002F€0.166MN0.000M 01 584Ca0.000N80.003K 0.001010)

Fluid (H:0)

R (Sio.000Al0.000 Ti0.005Cr-0.011F€0.042MNg.00:M70.000Ca0.017N@-0.035K -0.002F0.008Clo.004)

(Ra),
Ta (Si7.915Al0.301 Tio.010F€0.072MNo.000M0s 599 Ca0.018Na0.000K0.016F0.125Clo.00sH3 8680 24)
Ky (Si1A|205)
O
Crd (Sis.007Al3.979 Ti0.002F€0.033MN0.003MJ2.920Ca0.010N@0.059K0.000018)
Cor (A|203)
Fluid (H,0)

R (Sio.000Al0.000 Ti0.004Cr0.000F€-0.024MN_0.001Mg0.006 Ca-0.012Na-0.176K0.016F0.125Cl0.000)
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It is important to note that the appearance of the
reactions Rs and R4 is highly variable, since they
are mostly controlled by element diffusion. The
occurrence of both reactions in some microdomains
(Fig. 5) seems to be the result of the same process
which takes place progressively and led to the
coexistence of different textures in a mosaic
equilibrium [27, 28]. This is directly controlled by
the alumina immobility during the reaction. A
global process regrouping these reactions can be
expressed as follows:

Ta+ Ky = Crd + Spr + Cor (Rs).

-

Fig 5. Photomicrographs of typical minerals and
textures of the studied whiteschists.
a-b (Cross-polarized light): High-P talc + kyanite +
quartz + phengite paragenesis and its replacement
by cordierite according to the limiting reaction Tlc
+ Ky + Qtz < Crd.

c-d (plane-polarized light): Reaction
microstructures after kyanite and talc showing the
growth of cordierite + sapphirine £ corundum, or
cordierite + corundum, during the high-T stage.

Consequently, corundum can grow together with
sapphirine in the same symplectite and the products
will create a coronitic texture surrounding the
decreasing kyanite, composing of (Figs. 5¢ and 6):

- A granulated polycrystalline aggregate of
corundum-cordierite that dominates the inner part
of the crown,

- A median aureole of sapphire-cordierite +
corundum,

- An outer aureole made of cordierite.

ot
‘ aw ox 3 4
\
ﬂ/ Eclogite facies

paragenesis

N : 'Z
| Granulite facies
o Oy O PaArRgenees
™

Amphibolite facies
parageresiv

Fig 6. Simplified diagram showing in summary the
evolution of developed reactions and textures
during the HP (high-pressure) and HT (high-
temperature) stages, observed in the whiteschists of
Ti-N-Eggoleh.

The initial rock is assumed to be a chlorite (e.g.
sudoite) and quartz-rich shale that reacted to
generate talc and kyanite during a high-pressure
prograde stage. As a result, the talc-kyanite-quartz
paragenesis represents the peak of metamorphism
in silica-rich rocks, while talc and kyanite are
present in silica-deficient samples.

During the initial stages of decompression,
cordierite replaces stable contacts between the early
minerals following the R: in the silica-rich
microdomains (amphibolites facies), whereas the
contact between kyanite and talc remains stable in
the quartz-free micromains.

The continued decrease of pressure together with a
rise in temperature leads Rs that gives sapphirine-
cordierite symplectites from talc and kyanite and
finally Ra, which led to the growth of corundum
when kyanite is totally absorbed by the reaction.

111.2. Mineral chemistry

The chemical composition of the phases was
determined using a Cameca SX100 electron
microprobe at the University of Paris VI with
operating conditions of 15 kV and 10 nA. Analyses
were quantified using natural mineral standards and
representative analyses of minerals are represented
in Tables 1 and 2.

Copyright © 2023, Algerian Journal of Environmental Science and Technology, All rights reserved

3338



A. Bitam-Derridj and al

Tab 1. Microprobe analyses of talc in quartz-bearing and quartz-free whiteschists

Rock type Quartz-free whiteschists

Mineral Tlc Tlc Tlc Tlc Tlc Tlc Tlc Tlc Tlc
SiO: 55.61 55.98 56.07 56.70 57.49 57.72 58.12 58.33 58.62
Al2Os 2.71 1.86 231 1.88 1.12 2.05 1.65 1.88 1.52
Cr203 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00
TiO: 0.03 0.05 0.00 0.05 0.06 0.06 0.06 0.04 0.13
FeO 0.64 0.38 0.60 0.67 0.33 0.92 0.69 0.93 0.77
MgO 30.37 31.18 30.99 30.47 29.96 29.95 30.64 29.79 29.69
MnO 0.03 0.03 0.00 0.00 0.01 0.00 0.02 0.02 0.06
CaO 0.15 0.21 0.10 0.09 0.21 0.12 0.13 0.10 0.13
Na20 0.06 0.10 0.04 0.08 0.07 0.09 0.08 0.11 0.10
K20 0.04 0.04 0.01 0.03 0.00 0.02 0.03 0.03 0.03
P20s 0.00 0.00 0.04 0.02 0.02 0.00 0.00 0.00 0.00
F 0.20 0.16 0.12 0.27 0.28 0.00 0.00 0.04 0.00
Cl 0.01 0.03 0.02 0.01 0.00 0.03 0.02 0.02 0.00
NiO 0.06 0.08 0.00 0.07 0.01 0.01 0.04 0.03 0.00
Sum 89.96 90.12 90.36 90.37 89.65 91.06 91.51 91.38 91.07
Rock type Quartz-bearing whiteschists

Mineral Tlc Tlc Tlc Tlc Tlc Tlc Tlc Tlc Tlc
SiO2 62.60 62.82 62.22 62.97 62.48 62.69 63.23 62.54 62.59
Al203 0.95 0.70 0.78 0.60 0.61 0.62 0.65 0.85 2.03
Cr20s 0.00 0.00 0.05 0.03 0.00 0.04 0.00 0.00 0.06
TiO: 0.02 0.00 0.04 0.00 0.11 0.04 0.08 0.03 0.10
FeO 0.16 0.48 1.54 0.75 0.13 0.16 0.78 0.83 1.16
MgO 30.71 30.22 29.87 31.19 30.99 31.19 29.81 30.90 29.44
MnO 0.00 0.00 0.00 0.00 0.06 0.02 0.12 0.00 0.11
CaO 0.03 0.00 0.02 0.06 0.03 0.03 0.10 0.03 0.12
Na:20 0.23 0.18 0.14 0.16 0.15 0.22 0.16 0.08 0.08
K20 0.04 0.00 0.01 0.05 0.05 0.05 0.02 0.01 0.11
P20s 0.00 0.00 0.04 0.07 0.03 0.08 0.01 0.01 0.00
F 1.17 1.03 0.00 0.52 0.67 1.25 0.22 0.00 0.37
Cl 0.02 0.01 0.00 0.00 0.02 0.03 0.02 0.00 0.01
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Sum 96.01 95.44 94.78 96.45 95.34 96.45 95.39 95.37 96.21

Talc shows variable compositions. In General, the
Xmg-values [Mg?*/(Mg + Fe?*)] of talc vary from
sample to sample (0.92 to 0.99). Talc from quartz-
free whiteschists (Tab. 1) is more iron-rich (Xwmg:
0.92-0.96) than talc from quartz-bearing rocks
(Xmg: 0.95-0.99, Fig.7 a). This latter includes a
higher content of silica in its structure (Fig. 7b).

However, the Al-contents remain homogeneous in
all samples (Fig. 7c).

Talc grains show slight alumina zoning (Tab. 1).
Peak-stage talc contains 1% alumina, while the
amount of Al,Os rises up to 2% toward the rims.
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Fig 7. Plotting talc composition in barycentric diagrams. (a): Alumina contents in talc are the same in both
quartz-bearing and quartz-free samples (b): Talc is more Mg-rich in quartz-bearing than in quartz-free samples.
(c): Silica content in talc is significantly higher in quartz-bearing samples than in silica-poor rocks.

Amphibole: According Leake [29], amphibole is a
magnesian tremolite (Si > 7.5, Xwmg > 0.95)
containing a low alumina content (< 0.5).

The F and

Cl amounts are also low (< 0.013 and < 0.121,
respectively), and the TiO, amount is almost
negligible too (< 0.045) [25].

Tab 2. Microprobe analyses of phengite, sapphirine and cordierite

Mineral Phn Phn Spr Spr Crd Crd
SiO2 44.45 46.09 10.76 10.86 51.21 50.47
TiO2 0.00 0.00 0.08 0.00 0.00 0.00
Al203 31.65 30.60 70.01 70.03 33.86 34.17
Cr203 0.01 0.07 - - - -

FeO 1.02 0.64 0.29 0.41 0.66 0.61
MnO 0.02 0.02 0.03 0.01 0.00 0.02
MgO 7.25 4.18 18.60 18.56 13.01 13.22
CaO 0.06 0.05 0.02 0.01 0.06 0.08
Na.O 0.13 0.09 0.03 0.01 0.15 0.18
Ka20 10.13 10.35 0.00 0.08 0.00 0.00
F 0.00 0.00 - - - -

Cl 0.01 0.04 - - - -

Sum 94.73 92.13 99.83 99.97 99.06 99.08

Mica corresponds to a Mg-rich phengite (Xmg =
0.92), containing a low and constant silica content
(5.8-6.2 cations, for 22 oxygens).

The alkali amounts are constant, mostly Na (0.023
<Na<0.044 and 1.250 < K < 1.550).

In some samples, the composition of this mica is
peculiar since it approximates both of phlogopite
and phengite. This is most likely due to the
evolution of phlogopite in to phengite. Such a

transformation is specific to the high-pressure
environments.

Cordierite is particularly magnesian, as it
approaches the Mgc™ end-member
(2MgO:2Al1,05:5Si0,). The Xwvyg ratio is about 0.99
in all samples (Tab. 2).

Sapphirine: Only coarse sapphirine-
symplectites have been analysed.
Semiquantitative EDS analyses reveal that

alumina contents in symplectites found in
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contact with sillimanite are significantly
elevated, but could not be analysed by
microprobe. Generally, the silica decreasing is
accompanied by increasing of alumina from the
coarsest to the finest symplectites, which
surround silimanite or are directly in contact
with corundum that replaces kyanite in the last
stage of retromorphosis. A remarkable feature is
that the highest alumina content in sapphirine is
found in quartz-bearing samples, where
remnants of alumino-silicate are preserved, and
retromorphosis is rather less advanced
compared to quartz-free samples (Tab. 2).
Therefore, microprobe analysis of this
sapphirine allows to define it as one of most
aluminous of the world, and places it beyond
the 13(Mg, Fe)O : 19(Al, Cr, Fe®*) : 5(Si0,)
end-member.

The Fe3* content, as estimated by Higgins [30],
is low (Fe3* < 0.04) or absent and the chrome
content is negligible (< 0.016).

For many authors, the presence of chrome is
required to keep the stability of this type of
sapphirine (considered as metastable), by
substituting alumina.

Accessory minerals

Apatite is particularly fluorine rich (= 4%) and
rutile may contain significant amounts of Cr,03
(0.10-1.70 %). A minor amount of iron is found in
kyanite (0.10%) and corundum (0.40%). This last
may contain also some titanium (0.12%).

I111.3. P-T Formation environment

It is generally difficult to analyze the prograde P-T
history for strongly retrograded rocks, because the
mineral formed during the prograde stage are
commonly completely replaced by peak and
retrograde assemblages.

Despite the pervasive strong retrogression, the Ti-
N-Eggoleh whiteschists preserve information on the
prograde metamorphic stage, as demonstrated by
the presence of relicts of talc, kyanite, quartz and a
few phengite in some rare samples.

Based on experimental data and the established
phase relationships in the MAS(H) and FMAS(H)
systems, the main observations concerning the
studied rocks are the following (Fig. 8):

- The absence of carpholite is due to HT conditions
recorded during the later stage of the metamorphic
evolution, which obliterates low-grade parageneses,
restricted by specific temperature boundaries.

- The absence of chloritoid would indicate that
pressure may not have exceeded 25 kbar, along the
metamorphic evolution, given that the chemistry of
these rocks perfectly adequate for the development
of this mineral.

- The absence of coesite supports this assumption
and suggests a P < 25 kbar during the peak-stage
eclogitic metamorphism.

- The absence of yoderite can be justified by the
silica-environment which is not favorable to the
occurrence of this mineral.

- The absence of staurolite must be related, in
particular, to the highly Mg-rich composition of the
rock. Indeed, Al>O; deficiency may not be a barrier
in this case, since Kkyanite, sapphirine and
corundum, are common in this environment. It is
possible that P is a determining factor too, since
staurolite becomes metastable at P < 13 kbar.
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Fig 8. Pressure-temperature diagram for
whiteschists.

The stability domains of various minerals that may
occur in whiteschists are superposed to define a
intermediate  path that runs across fields
corresponding to our textures.

These P-T ranges are based on the experimental
works of [31, 32, 33, 34, 35, 36] that were carried
in the (K)MASH system.

According to the P-T trajectory defined on the basis
of the observable textures and reactions, a prograde
stage allows the stability of the talc-kyanite-quartz
paragenesis at P close to 20 Kbar. Above this
pressure, Mg-chlorite and staurolite end-memebers
become stabilized in the rock, which is not the case
in the studied rocks. The development of late
cordierite-sapphirine  and  cordierite-corundum
symlectites requires decompression from 10 kbar.
A rise in temperature is required in such cases [25].

As a result, it may be supposed that staurolite
disappeared during late HT stage. It may also
explain the absence pyrope, whose stability limit is
situated at 15 kbar.

From the above, the following evolution pattern
may be envisaged to recapitulate the metamorphic
history of the Ti-N-Eggoleh whiteschists:

A prograde episode, characterized by an increasing
P up to a maximum of 20-25 kbar, i.e. below the
quartz-coesite transition. These conditions allow the
growth and stability of talc-kyanite-quartz. This
event is succeeded by a decrease of pressure up to
13 kbar, and then an increasing of T during
exhumation.
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1V. Conclusion

High-P environment terranes are recognized in
several collisional zones in the African continent.
Whiteschists typically are found in Alpine-type
orogens, e.g., Western Alps, Trans-Himalaya (Sar e
Sang - Afghanistan).

The main paragenesis in the Ti-N-Eggoleh
whiteschists (Central Hoggar, Algeria) consists of
talc + kyanite + quartz which has a wide P-T
stability environment that ranges from high-P
amphibolite to eclogite facies. Cordierite,
sapphirine and corundum formed at the contact
between kyanite and talc through metamorphic
reactions produced complex symplectites and
coronae. These newly formed minerals are typical
of a high-T evolution. These reactions occurred at
P—T conditions between 7 kbar-630 °C and 11
kbar—820°C, during the transition to granulite facies
conditions (Fig. 9).

Thus, the Ti-N-Eggoleh talc schists preserve
information concerning both the peak and
retrograde  stages of metamorphism. The
combination of mineral zoning (the high degree of
Tschermak substitution in sapphirine, and in talc,
which shows a secondary enrichment in Al at the
rims of primary flakes), textural features, and P-T
estimates allows the reconstruction of a clockwise
P-T path, which shows that these whiteschists were
subducted to great depth (Fig. 9).
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Fig 9. P-T path of the Ti-N-Eggoleh whiteschists in
relation with the geodynamic context. Reactions
described above are projected in order to establish
a relation between the corresponding tectonic
episode and the type of transformation [25].

These results are consistent, too, with the closure of
an oceanic basin and ends with an orogeny that
likely occurred during amalgamation of the various
segments of the Tuareg Shield that happened during
the Pan-African orogeny. When the collision came
to an end, rapid erosion and/or tectonic uplift
followed, leading to a delamination of the
lithosphere and an upwelling of the asthenosphere.
This induced a significant heat transfer and caused
a granulitic metamorphism during the post-
collisional stage (Fig. 9).
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