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The Makbal Complex in the Kyrgyz Northern Tian-Shan is located in the western segment
of the Central Asia Orogenic Belt (CAOB). The Kyrgyz Tian-Shan Mountains extend from east
to west, separating the Kazakhstan plate to the north and the Tarim plate to the south. The
metamorphic rocks of the Makbal Complex are divided into the Akdzhon and the Scharkyrak
Groups based on their metamorphic conditions. The Akdzhon Group contains of HP and UHP
metamorphic rocks, whereas the Scharkyrak Group consist of low grade metamorphic rocks of
greenschists facies. The Akdzhon Group was further divided into the structurally lower Makbal
Formation and the upper Neldy Formation. The Makbal Formation is composed mainly of
meta-quartzite and pelitic schist with a minor amount of garnet-chloritoid-talc schist, eclogite,
amphibolite, mafic schist and marble. The Neldy Formation is composed mainly of pelitic
schists with subordinate marbles and meta-quartzites, and lenses and layers of eclogites and
amphibolites. The lithotypes of the Neldy Formation vary from pelitic schists with or without
garnet to HP eclogites. The peak metamorphic condition of the eclogite and the garnet-
chloritoid-talc schist are 510—610 °C and 2.2-2.8 GPa of the Makbal Formation (Tagiri et al.
2010; Meyer et al 2013; Orozbaev et al. 2015) and eclogite are 550—610 °C and 2.2-2.5 GPa
of the Neldy Formation (Togonbaeva et al. 2010a)

Several geochronological studies of the Makbal Formation have been performed. CHIME
monazite age of garnet-chloritoid-talc schists yielded 481 + 26 Ma (Togonbaeva et al. 2009).
SHRIMP U-Pb zircon ages of eclogites gave 509 + 7 Ma and 498 + 7 Ma as the peak
metamorphic ages (Konopelko et al. 2012). However, with regard to the Neldy Formation, only



a Sm-Nd age of 526 + 9.5 Ma from a HP eclogite has been reported (Togonbaeva et al. 2010a).

This study mainly focused to establish the petrology, geochronology and P-T evolution of
low-grade metamorphic rocks in the Neldy Formation. I petrologically examine the garnet and
chloritoid-bearing pelitic schist (KG1244), garnet-free pelitic schist (KG1251; KG1252B) and
garnet amphibolite (KG1252A), and reveal their metamorphic P-T conditions and K-Ar ages
of the pelitic schist in the Neldy Formation.

The garnet-free pelitic schists (KG1251; KG1252B) consist mainly of phengite, chlorite and
quartz, with small amounts of albite, titanite, calcite, rutile and carbonaceous matter. The peak
metamorphic conditions are roughly constrained as T< 630 °C and P=0.9—1.7 GPa. The garnet
and chloritoid-bearing pelitic schist (KG1244) consists mainly of white mica (phengite-core
and muscovite-rim), chlorite and quartz, with minor amounts of garnet, chloritoid, albite,
tourmaline, zircon, monazite, titanite, rutile, calcite and carbonaceous matter. The peak
metamorphic conditions are estimated as T = 485-545 °C and P = 1.2-1.5 GPa (high-P/T
metamorphism), followed by a low-P/T metamorphism of T = ca. 500 °C and P > 0.3 GPa.
Garnet amphibolite (KG1252A) consists mainly of amphibole, garnet, epidote, plagioclase and
quartz, with a small amount of chlorite, biotite, paragonite, phengite, muscovite, K-feldspar,
titanite, ilmenite and calcite. The peak metamorphic conditions are estimated as T = 575 +
29 °C and P = 1.4 + 0.3 GPa (high-P/T metamorphism). The high-P/T metamorphism is
followed by the low-P/T metamorphism of ca. T = 600 °C and P = 0.4 GPa.

A K-Ar age as the peak metamorphic age for the garnet-free pelitic schist (KG1251) is
obtained as 524 + 13 Ma and it is almost identical to the previously reported peak metamorphic
ages (ca. 500 Ma) of eclogites and garnet-chloritoid-talc schists in the Makbal Complex. The
K-Ar age for the garnet and chloritoid-bearing pelitic schist (KG1244) white mica age of 474
+ 12 Ma is obtained and it is similar to the age of the Ordovician granitic intrusions at ca. 460
Ma.

The peak metamorphic conditions of garnet-free pelitic schist, garnet-chloritoid-talc schists
pelitic schist and garnet amphibolite are < 630 °C at 0.9—1.7 GPa, and 485-545 °C at 1.2-1.5
GPaand 575 +29 °C at 1.4 £ 0.3 GPa, respectively. The peak metamorphic conditions of garnet
amphibolite of the Kaindy Formation in the Sharkyrak Group have been reported as 620 °C
and 1.4 GPa (Rojas-Agramonte et al. 2013). These comprise a group of relatively low-pressure
metamorphic rocks. In contrast, the metamorphic conditions of the HP and UHP metamorphic
rocks such as the eclogites and the garnet-chloritoid-talc schists in the Akdzhon Group were
estimated to be 530-580 °C and 2.8-3.3 GPa (garnet-chloritoid-talc schist; Tagiri et al. 2010;
Meyer et al. 2014; Orozbaev et al. 2015), ~510 °C and 2.8 GPa (coesite-bearing eclogite; Tagiri
et al. 2010) and 520610 °C and 2.2-2.5 GPa (eclogite; Togonbaeva et al. 2010; Meyer et al.
2013). These suggest that the peak metamorphic conditions of the Neldy pelitic schists, garnet
amphibolite and the Kaindy garnet amphibolite are significantly lower in pressure compared
with the previously reported eclogites and garnet-chloritoid-talc schists, which are located in
the lower tectono-structural levels of the Makbal Complex, i.e. lowermost parts of the Neldy
Formation and the Makbal Formation. These results clearly indicate that the conventional
division of the Akdjon Group, i.e. the Makbal and the Neldy Formations, has no longer
geotectonic significance. Therefore, based mainly on the metamorphic pressure the Makbal
Complex can be divided into two tectonometamorphic units, structurally lower relatively high-
pressure metamorphic unit and structurally upper relatively low-pressure metamorphic unit.
We have adopted, hereafter, these names of the tectonometamorphic units, as the Lower Unit



and the Upper Unit of the Makbal Complex.

A R OEE

Makbal Complex (ZH9:7 U7 & lHE (CAOB) OFEICALE L, 2 —W A FEE el EEE
BoafED ZE THEATHD, BEIEAERAETHHI<AA—27ul MM R—BAFAROTTI 1
Yx A b &Y 7% Makbal Formation &% ® Ef70 Neldy Formation @ FHDE T DU
Tl BRGM E HEEROFE LWFZE N ST & 72, —F ., Neldy Formation (5x F#&br<)
0 ELITAET D2 EBE IOV T, AT FREREICR 222850, & A EHFEN
ST\ emolz, HEEEIZZ O AIZEHB L. Neldy Formations (5 FizaFR<) X0 _EALIc)r
B9 D A DR S A RR I LD < BRUGRM E B AR LT,

Neldy Formation (f F#ZFR<) FOILK ARG E0WRER A Q@7 L), EKAH
—7nml b F—IREAELOESL AEAKA D 4% F oW TER S & B RUBIRE DR
MrostTbiuiz, R oHEE L, A, WEIEE - £ 5, KO THERMOCALC
7'va 77 & (average P-T program) BHWOHIz, S AAZEERVEERAD 170
ZERS 3T T ADD, B 1EMRA RS N EFE 2ERA R RO 2 BIOERKA X RS
oo 1 ERA RV PO — 7 B SAE 485-575 C, 1.2-1.5 GPa O ER Ak &f % 71,
—J7, B2ERA N DO —7 M1 500-580 C, 0.3-0.4 GPa OARERIE sl 2 R4, 1
B DOERKA X hDOHRPR LN E L AR &G ERWIRE R A OB RS L ER il St % 7R
L, ZhIZEROE 1 ERA Xy O —27 LT TH 5,

1EOEBMEAOLBBDO NI A EGERWIRER LI AA—7a ) b K=
BRAathoAaERRSEESh, T b0 KAr EERIIENMTbN, S A20 528 F20iE
FRAIE 52413 Ma, &< AA—70Y M F=IREFAFIL474 = 12 Ma OFREEZ R L
oo S AHEEGERWVIBERAD 52413 Ma (%, BEELREZEGD, S<A2H—71V b
A R=—aRAERRZZ7 Yy A DL INETICHELNTVDE LZ 500 Ma O & FRFIT
Thd, —J, SLAHA—7raY M F=REFEORTHERIZINEIVENFERERoT2, K
JERIZE RS 5 2 3758 2 B A X R iE, Makbal Complex 2 7L BV D ZERAERH TidZz <,
TR DOIERE T X DM RIER & IR S iz, fERa OB AEMRITEITMEL VB XL Z
460Ma TH YV, 474 = 12Ma FZFN LV ETEHWENRE R o7, ZOFERIT OV TITHEARZ K
B (FEREDOBEAN) OFERTITRL, REE2Y By MIX2HEFEMICEREZ b2 WER
T D AREMES R Sz,

INEDOMFFEDORER NG, HEEH X Makbal Complex ##m/EA S ) Tilr=v F & &
JEERREN S5 Eifla=y MRS THZ 2B L, Miz=y hOERFERITNTNRLE
&% 500 Ma Z~ T DT L, BRIENSFMETTH2=> M3 2.2-28 GPa THLDIZxf L, Lk
M=y MX1.2-1.5 GPa & 720 | ZRENFMHCRERBIZORH D Z N LNIR ST,
HIEEEIC L D LI EORFFE R, BEIEL S DS O FIEFT~DILIRAI DG ZERAE .
T L TEREOMENT~D LROT 7 b=v 7 BT NEEET D ETOEELHRISM, 2 4t
THZLElroTz,

Ubolish, KL, (DO BRRRE & FIESEY TH Y | (2 E 24T - fjT
MDA INTEY . @R F /LXK LR Makbal Complex #F4EiZx L CA Y
IV OBEEOEWERNEXHINTWD I ERDND, LEER- T, AfitimstiiEhn
b LTSN T TH#) LHEIh,



