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The world known lapis-lazuli deposite at Sare Sang in Hinduko-
sh occurs within high-grade metamorphic rocks (Sare Sange
Series) which are part of Precambrian South Badakhshan block
(NE Afghanistan). The primary volcano-sedimentary sequences
of the Sare Sange Series were intercalated by carbonates and
probably by evaporites. P-T conditions estimates based on mine-
ral assemblages in whiteschists (Schreyer and Abraham 1976)
and in metapelites and metabasites (Faryad 1999) reached triple
point of amphibolite-eclogite — granulite facies (750 °C,
14 kbar). The most common minerals in calc-silicates are clino-
pyroxene, calcite, quartz and garnet or phlogopite. As accessory
phases they may contain olivine, nepheline, titanite, apatite, soda-
lite and hauyne. Some metabasites with scapolite contain cli-
nopyroxene, orthopyroxene, garnet, biotite and calcic amphibole.

Clinopyroxene from calc-silicate rocks is mostly diopside
with a maximum jadeite content of 29 mol% and rarely also
hedenbergite. Garnet from calc-silicates is rich in Ca (Grss.os),
but metabasites contain pyrope-rich garnet (Pyse.43). Textural and
phase relations indicate that scapolite and some halogen-bear-
ing phases (apatite, phlogopite, amphibole and titanite) were

formed during prograde metamorphism of carbonate-evaporite
sequences. The scapolite exhibits a wide range of composition
(from Eqa, = 0.07, Xc1= 0.99 to Eqa, = 0.61, X = 0.07), de-
pending on the rock type.

Mineral compositions and reactions imply the presence of
fluid phases with high concentrations of CO, and salts during
metamorphism of the rocks. The Xco, = 0.03 — 0.15 contents at
peak P-T conditions were estimated using scapolite-bearing re-
actions. Halogens and S are involved in the following minerals:
F (apatite, biotite, amphibole, titanite, clinohumite), Cl (scapo-
lite, sodalite, biotite, amphibole, apatite) and S (haiiyne, lazur-
ite, scapolite, pyrite and pyrrhotite). Blaise and Cesbron (1966)
reported the presence of gypsum and galena, associated with
calcite and sodalite. With the exception of accessory pyrrhotite,
pentlandite and some scapolites, the S-bearing minerals origi-
nated during retrogression and metasomatism. Partitioning of F
and CI between coexisting phases was calculated for
apatite-biotite (F" + H* = Phi+ F;rand k7% ) and amphibole-
-biotite (log(X#/Xon, 10g(Xc/Xon)). Fluorapatite is present in
calc-silicates, but metabasites contain chlorapatite. Cl is prefe-
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rentially partitioned into amphibole relative to biotite. All these
rocks have suffered varied degrees of retrogression, which re-
sulted in removal of halogen, CO, and S, and were infiltrated by
dilute fluids. Fluid-bearing minerals formed during retrogres-
sion and metasomatism were fluorapatite, sodalite, amphibole,
clinohumite, hauyne, pyrite, and lazurite, which either form veins
or replace earlier formed phases.

Textural relations indicated the presence of several varieties
of scapolite in the Sare Sang rocks. Compositional variation in
this high-grade scapolite from various samples is related to certain
rock type. This can be explained by relatively large marialite
content in scapolite from garnet-free calc-silicates, where the
coexisting phases such as apatite, amphibole and biotite are rich
in CI. The calculated equilibrium reactions of the Sare Sang rocks
indicate that scapolite coexists with pyroxene and/or garnet,
hence belongs to the earlier formed phases in the rocks, and it
was partly affected by later metamorphic events. The presence
of NaCl-scapolite in metamorphosed rocks generally implies an
evaporitic source with NaCl provided from salt-rich layers, either
locally or distally. Sedimentary origin of NaCl in the Sare Sang
rocks is assumed by the stratigraphic control of the occurrence
of carbonate and Na- or Al-Mg-rich minerals that were distributed
parallel to bedding. The scapolite crystallized during regional
metamorphism in rock layers that originally contained halite,
calcite and dolomite. Additionally, the occurrence of phlogopite
or Mg- and Al-rich biotite with only minor K-feldspar may

indicate metamorphism of evaporitic argillites. There is no
significant compositional variation between textural varieties of
scapolite in one sample. This suggests mostly a closed system
for recrystallization or formation of scapolite during later
metamorphic history.
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