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Peculiarities of distribution of glaucophane in the Precambrian rocks of the Dabie-
Shan area (China) and its composition are described. Glaucophane is the main mineral
of the Upper Proterozoic Mulanshan—Zhangbaking blue schist belt. Glaucophane is un-
evenly distributed in the leucocratic rocks of the belt, and in melanocratic units it is
concentrated in glaucophane schists. Appearance of glaucophane is determined by pri-
mary composition of initial rocks. Chemical composition of glaucophane from the blue
schists belts in different regions and from the Dabie-Shan region is similar, but with
some local variations. Isotopic composition of C and O from the different types of car-
bonates is variable, but in general it indicates the absence of large-scale processes of re-
crystallization with participation of mobile CO,. Main characteristics of investigated
rocks and minerals are connected with initial composition of the rocks.

Key words: glaucophane, blue schists, high- and ultrahigh pressure, petrogenesis,
isotopes of O and C, Upper Proterozoic, Dabie-Shan, China.

After the pioneer work of O. Leypunskiy [13] on pressure and temperature limits
of stable phases of graphite—diamond transitions, petrologists regarded conditions of
the upper mantle and lower Earth crust as suitable for formation of diamond from
magmatic sources.

Similar pressure and temperature conditions have been supposed for mineral as-
semblages of the regional metamorphic rocks which include diamond-bearing varie-
ties and specific diamond-bearing eclogite subfacie (eclogite facie in opinion of P. Es-
kola [10]) has been proposed for them. Beside of diamond, presence of coesite, glau-
cophane, rutile, lawsonite, cornerupine, kyanite etc. have been suggested as an indica-
tor of high pressure regime under regional metamorphism for some large-scale folding
structures and big areas within the Precambrian blocks. N. Dobretsov [4] generalized a
great material on distribution of the Phanerozoic glaucophane-bearing rocks and es-
tablished of the blue schists belts in association with eclogites. Among granulites of
the Aldan Precambrian Shield, the Sutam subfacie of regional metamorphism with
extremely pressure conditions has been determined after sapphirine finds [5].
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This list of places with very specific conditions of regional metamorphism can be
continued due to a great success of geologists during last decades in investigations of
collision regimes with common high (HP) and ultrahigh pressure (UHP) tectonic
structures. Among of them, the most famous structures are Dabie-Shan and Dabie-
Sulu, China [18, 20, 23], the Western Gneiss region, Norway [6, 7, 15], the Precam-
brian Kokchetav massif, Kazakhstan [8, 16, 24] etc.

According to modern scheme of metamorphic rocks mineral facies, proposed by
S. Bushmin and V. Glebovitsky [2], which is suitable to use for these structures and
estimate relationships between their mineral associations, there are not clear evidences
for dividing rich in diamond rocks varieties and without it. Similar situation there is
for HP and UHP segments of the scheme [1], where can’t be determine scale of dia-
monds enrichment of glaucophane- and kyanite-bearing rocks.

Paradoxical irregular appearance of unusual minerals which have commonly re-
garded as indicators of special pressure conditions lead us to conclusion about absent
of pressure controlling factor for their formation. Most clear evidences for this conclu-
sion can be obtain from analysis of diamond distribution in the rocks of the Kumdykol
deposit and the Barchy diamond-bearing zone at the Kokchetav massif, Kazakhstan,
as well as assemblages diamond with graphite, diamond locations in quartz, chlorite,
sericite, feldspar, clinopyroxene etc. [8, 16, 24].

In addition to these facts we should note also about inclusions of carbonates, barite
and ferro-oxydes in diamonds [9], and diamond inclusions in apatite [22] etc. in dif-
ferent rocks from other regions.

Taking into account suggestions on relationships of diamond enrichment and com-
position of diamond-bearing rocks in the Kumdykol deposit and the Barchy diamond-
bearing zone [16] we attempted to determine the distribution, composition and origin
of glaucophane in connection with composition variations of the host rocks in the
Dabie-Shan area as the etalon of high pressure region.

Geological setting and main rocks types. The Dabie-Shan region of Hubei, He-
nan and Anhui Provinces and the Lianyungang area of Jiangsu Province (Fig. 1) is
located on the south-eastern margin of the North China Platform [3, 23].

Geological structure of the Dabie-Shan is complicated due to a number of tectonic
events since formation of the Archean up to modern time, when collision processes
reworked and moved previously stable blocks.

Upper Archean gneisses-migmatites complex is the oldest. It is covered by the
Lower Proterozoic Dawu—Susong—Lianyungang phosphate rocks and younger rocks
of the Upper Proterozoic Mulanshan—Zhangbaking blue schists belt. Upper Protero-
zoic Sujiane—Foziling schists have sporadic distribution in the northern segments of
the Dabie-Shan region [23].

The Upper Archean rocks are represented by tonalite-trondhjemite-granodiorite or-
thogneisses and banded iron ore formation [20, 23]; elongated bodies of eclogites
have been described among them [3, 23]. Series of metasedimentary and volcano-sedi-
mentary formations are typical for the Lower Proterozoic suite, which is rich in exotic
combinations of the schists, gneisses, leucoleptenites, epidote amphibolites, marbles
phosphate rocks with relic bedding. Blue schists, phyllite metamorphic sodium rich
volcanic series are common components of the Upper Proterozoic sequences.
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Fig. 1. Simplified geological map of the Dabie-Shan terrain showing the division
of litho-structural units and distribution of eclogite blocks; inset to the map — location of the
Dabie-Shan terrain in the Quinling—Dabie-Shan—Sulu orogen of China. Modified after [20]:

1-6 — units: / — Nawan flysch, 2 — Balifan melange, 3 — Huwan HP eclogite, 4 — Xinxian UHP
eclogite, 5 — Hong'an HP eclogite, 6 — Mulanshan blue schist; 7 — eclogite block; 8§ — coesite and
sample localities; 9 — granites (J—K); /0 — major fault and thrust; 7/ — suture and detachment faults;
12 — conjectured faults.

Among these suites, most pressure type facies of the regional metamorphism are
suggested [18, 19] for the Upper Proterozoic rocks after appearance of glaucophane,
phengite, albite, stilpnomelane, piemontite and spessartite [18, 19, 23]. The recogni-
tion of coesite- and diamond-bearing eclogites as well as systematic mineral paragene-
sises of eclogites, marbles and gneisses in the Dabie Mountains has significantly ad-
vanced studies of UHP supracrustal rocks and their geodynamic bearing on plate sub-
duction to mantle depths of more than 100 km [3].

Sampling and analytical methods. We have studied metamorphic rocks in Yn-
shan sector, eclogites and associated rocks in Shiankhuadnan area, apatite-bearing and
intercalated rocks of the Dau phosphates district, and the Mulanshan blue schists with
related rocks during field trips to the Dabie-Shan region. We observed shape and field
relationships between marbles, eclogites, and blue schists with host and associated
rocks. Special attention has been paid to the determination of glaucophane distribu-
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tions within poor and rich in glaucophane sectors of the host rocks. Beside field inves-
tigation of glaucophane, we also collected a set of the carbonate samples from differ-
ent localities named above.

We also carried out petrographic studying of thin sections to determine the crystal-
lization order of minerals in gneisses, schists, marbles etc., which are typical for the
Dabie-Shan region, as well as to check heterogeneity of individual minerals.

Taking into consideration the results of thin sections observations, microbeam
analyses of glaucophane grains were carried out using SEM 1061 scanning electron
microscope equipped with an energy-dispersive detector on the previously cleaning
and prepared samples by carbon fine film decoration. Set of the glaucophane grains
with fresh surfaces without crushing of origin shapes has been used to determine char-
acter of its crystal surfaces, inner heterogeneity and coexisting phases. Analyses in-
cluded general investigations of chemical composition of separate phases and estima-
tion of components variations within grains. To calculate mass balance of the chemical
elements we used the “Magallanes” program with data base for fundamental parame-
ters of 92 elements.

The oxygen and carbon isotopic compositions in the whole-rock carbonates were
analyzed in the Laboratory of Stable Isotopes (Institute of the Lithosphere of Marginal
Seas, Moscow). Carbon dioxide was released from carbonates using PbCl,. The rela-
tive difference in oxygen and carbon isotope ratios in CO, (gas) was measured on the
mass spectrometer Varian MAT-250. The laboratory CO, was used as standard during
isotopic measurement. The accuracy of 8°C and §'*O measurement in whole-rock
samples was + 0.1 and + 0.2 %o, respectively. The Craig correction was taken into
consideration for the determination of 8"Cgy, (PDB) and slgosamp (SMOW). The
oxygen correction was taken into account for &' Csamp (PDB).

Character of glaucophane distribution in the host rocks. Field observations in-
dicate irregular development of glaucophane in leucocratic mica-feldspar gneisses and
its concentrations in melanocratic schists with thickness up to a few of decimetres
(Fig. 2). Linear orientation of single needle shape glaucophane crystals along struc-
tural elements of the host rocks is similar and subparallel to elongation directions of
glaucophane crystals within the schists as well as to geological boundaries of different
lithological varieties of the rocks in general.

. . T~ muscovite-feldspar
Fig. 2. Character of glaucophane single gneiss
crystals distribution in leucocratic mica
gneisses and enrichment of its crystals -

in glaucophane schists of the Mulanshan area.

glaucophane

There is no difference in size, colour, and shape of glaucophane crystals in places
of its disseminations and concentration (Fig. 3). Inner structures of the crystals in both
cases are similar and homogenous also (Fig. 4).
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Fig. 3. Glaucophane single crystals in leucocratic mica gneiss (a) and the concentrated
crystals in glaucophane schist (b).

WD=10.1mm
Fig. 4. Homogenous inner structures of the glaucophane crystals.

Chemical composition of glaucophane. Obtained data on chemical composition
of the analyzed glaucophane have been calculated to get coefficients for K, Na and Ca
to determine positions of the figurative points at the classification diagram for amphi-
bole group according to recommendation of the IMA [17]. Actual K, Na and Ca val-
ues are located at the diagram very close to limits of the glaucophane field and some
of them are out because of low Na concentrations.

To compare composition of glaucophane from the Dabie-Shan area and other re-
gions of blue schists development [4, 5] we used a set of the compositional diagrams
which take into account amount of SiO,, Al,O; MgO and Na,O (Fig. 5).
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Fig. 5. Compositional diagrams for glaucophane after generalized data.
Icons in the form of squares — our data, rhombus — by [4].

Figurative points of both data groups on the diagrams commonly have similar lo-
cation, but a part of glaucophane data from the Dabie-Shan terns from general ten-
dency suggesting on its specific compositions. At the same time, compositional fields
of glaucophane figurative points from etalon regions [4] are much more elongated
than from the Dabie-Shan.

Isotope signatures in carbonates of the region. In addition to previously pub-
lished results of isotopic investigations [3, 19], we studied isotopic composition of
Carbon and Oxygen in carbonates of the marbles and apatite-bearing rocks from the
Dabie-Shan region in hope to estimate the differences for these so heterogeneous in
geological sense formations. Note, that Sheng Y.-F. et al. [3] suggested unusual high
3"°C values up to +5.7 %o (PDB) for carbonates associated with UHP eclogites in the
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Dabie Mountains. The isotopic compositions of carbonates from apatite-carbonate
rocks of all apatite deposits of the Precambrian Aldan Shield yield a scatter of §"°C
value from —0.5 up to +5.5 %o (PDB) and 30 value from +13.6 up to 22.2 %o
(SMOW) [11]. Relatively high data for isotopically heavy carbon (3"°C = +4.1 %o,
PDB) from the carbonates of the Dau apatite deposits are close to characteristics
which we have found in carbonates formed in primary similar conditions [3]. So, iso-
topic evidences show preservation of the unusually high positive 8'°C values in the
carbonates rocks. Similarly, there are not any indicators on significant oxygen isotopic
difference in carbonate minerals since the time of their formation up to possible sub-
duction of supracrustal rocks to mantle depths.

So, the character of glaucophane distribution within host rocks shows that the high
pressure conditions could be not responsible for appearance of glaucophane among
metamorphic rocks of the Dabie-Shane region. Concentration of the glaucophane in
scales of a few of centimetres or even decimetres in separated lenses or layers we
should observe unusually high gradients of pressure. Significant differences in chemi-
cal composition of poor and rich in glaucophane stratum support idea about important
role in glaucophane crystallization suitable chemical composition of initial rocks. It is
in accordance with origin of eclogites as primary sedimentary rocks [12, 21] in gen-
eral, and in the Kokchetav region, particularly. We noted above about paradoxical
distribution of diamond in the metamorphic rocks and presence here of eclogites as
most poor in diamond rocks. Beside it, first publications on origin of Kazakhstan ec-
logites have been reported about their primary sedimentary nature [21]. So, even in
this case the possible role of high pressures is minimal for appearance of diamond and
similar indicator minerals.

Obtained isotopic data have been shown inert behaviour of CO, during minerals
recrystallization and possibility to preserve of isotope marks on primary origin of
carbonates in the Dabie-Shan region. Presence of quartz (or, as some authors indicated
[18, 25], initial coesite) in association with dolomite in marbles and rich in carbonates
rocks has been also indicated on low temperatures of their recrystallization and inert
role of CO, in possible transformations. Abundance of different carbon-bearing min-
eral phases in assemblages with diamond, coesite, carbonates etc. is evidence for ideas
about crystallization of minerals, which are determined as products of high pressure
conditions, from other initial components and under less extreme limits of tempera-
tures and pressures. Absent of diopside and relatively similar amounts of quartz and
dolomite indicate much lower conditions of temperature than suggested (500—-800 °C
[14]) for retrograde recrystallization.

Sang Longkang (China University of Geosciences, Wuhan, China) is thanked for
aid with the support for field trips to the Dabie-Shan region.
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Haseneno mani mpo xapakTep po3noniry riaaykogpany B JOKeMOpPIHCHKHX IOpOIax
pationy [la6i Illan (Kwuraif) Ta ocobmuBocTi Horo ckiamy. I'maykodaH € roIoBHUM Mi-
HepaJioM IIOpiJl BEPXHBOIPOTEPO30ichKOro nosicy Mynanman-I1lanréakinr, ckiageHo-
IO TOJIOBHO OJIAKUTHHMH CIAHISIMH. Y JeHKOKPATOBHUX ITOPOAAX MOSCY TIayKodaH po3-
MOAIIeHNH HEpiIBHOMIPHO, a B MEJTAHOKPATOBUX YTBOPEHHSX BiH CKOHIIEHTPOBAHUH y
rI1ayKo(aHOBHX CIAHIIX, BaJOBUI XIMIYHUH CKJaJ SKHX BipPi3HAETHCS BiJl JEHKOKpa-
TOBHX Pi3HOBU/IB NOpiA. 3’sICOBaHO, 0 HEOAHOPIJHMI pO3NOALN IIaykodaHy B pi3HUX
HOpOJiax, y TIM YHCII THX, HOTY>KHICTb SIKMX CTAHOBUTB HEPIIi JeIUMETpH, — [ie He Ha-
CJIIIOK BIUIMBY BHCOKOTO THCKY (32 SIKOTO 3BHYAHHO YTBOPIOETHCS TIJayKodaH), e
CBITYEHHsI NEPBUHHOI NMPUPOJY BUXIAHUX YTBOpeHb. HasBHICTH HepeambHO BHCOKHX
TpaJlieHTIB THCKY 3yMOBIJIA O MOSBY i iHIINX, MOJIOHMX IO TIayKogaHy MiHEpaliB —
KOECHUTY, PyTHILy, JIJAyCOHITY TOIIO, a MOJIbOBI ¥ IeTporpadidHi JOCIiHKEHHS [[bOTO HE
nigrBepawn. XiMidHUHE ckian riaykodany 3 mopin paiony [la6i Illan ta mosiciB 61a-
KUTHUX CJIQHIIIB Pi3HUX PEriOHIB CBITYy MOAIOHWI, XO4a, 3BUYAifHO, € IEBHI JIOKAIbHI
Bapiarii.

I3oTomnwmii ckmax C i O B kapOoHATax 3 Pi3HUX THIIB IOPiJ AOCTIIPKYBAaHOTO Perio-
HY HEOJTHOPIJHHH, OJJHAK 3arajioM BiH CBIAYUTH PO BiJCYTHICTh BEIMKOMACIITAOHUX
npoleciB nepekpucraiizanii 3a ydactio mooimsHoro CO,. HasBricTs y MapMmypax Ta
30araueHnX KapOOHAaTaMy MOpojax KBapily (abo IepBHHHOTO KOECHTY, SK yBa)KalOTb
OKpeMi JTOCHITHHKH) B acoliamii 3 JOJOMITOM 32 BiJICYyTHOCTI IIOIICHIy € TLIBKH CBiJI-
YEeHHSM HH3bKUX 3HAUCHb TEMIIEpaTypH MOXIIHBHX IIEPETBOPEHB. “3aKpHUTICTH” Kapbo-
HAaTHHUX TOpix (SK TEpMOIMHAMIYHOI CHCTEMH) MiJTBEPIKEHO TAKOX I30TOIHUMH Ja-
HUMH: 1 B MapMypax, i B allaTHTOHOCHHX KapOOHATHUX MOpPOJaxX, IO 3 HUMH aco-
IIIOIOTh, HAsBHUH TOJIOBHO i30TOITHO BAaXXKWH BYTJIENh 3 aHOMAIBHUMH 3HaUCHHSIMHU
31°C — 10 + 5.7 %o (PDB) y mapmypax i 10 + 4.1 %o (PDB) B anatuToHOCHHX KapOOHAT-
HHX [OPOJIax.

HasBHICTH pi3HMX BYIJIEIIEBMICHUX MIHEpaliB B acomiamii 3 JiaMaHTOM, KOECHTOM,
KapOOHAaTaMH TOLIO CBIAYHUTH NPO Crenu(iuHy BUXinHY (GopMy IXHIX KOMIOHEHTIB —
JULSL TIOSIBYL TXHIX TBEpAUX (ha3 BUCOKHUH THCK HE MOTPiOeH.

Kniouoei cnoea: rmaykodaH, OJaKUTHI CIIaHIN, BHCOKHHA 1 HAIBUCOKUI THCK, IET-
pOTeHe3HC, 130TONH KUCHIO ¥ ByTJIeIIo, BepXHiil mpoTeposoii, J{adi [llan, Kuraii.



