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225 Pb Mz # (Sn) fH &4, 9 Al & = D%
D—IMOMFIETHM TH D Z BRI o T,
Fio, THARARXEFRLS 3T io—# DB (TSK39,
SMRI, SMR11, SMR12, BMY227) 22517 /75 U 56
F (Nak Ca) BMHINDZ 0D, FLWIFRO
LT T v U ME DR TV D, BB OHEEARR
i% TSK39, SMR1, SMR11 7% 17 fit#Z, SMRI2 [T A k—
»—Z N TAH, BMY227 iZ A b —2 =R h T
14 #ALIETH 5,

ZOft, N— ¥ —rORENBILPh ITIZ T,
igh (Zn) #5LbHbOHRO LD (BMYI3, 172,
223,225,139, 148, 90, 124), Pb & TealkloHIciT Y
v (P) EULERENEOLNDL, ZbOFEHIIX
M 2 WAL S VT BIRE d S FE R S T B
b LV, Eiz, #h B Tl Y eHREEBE L
ZRVEEF B ERD B LT, ER B I3 LTkl &
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FZE (Cu). BEI2 538K (Fo). KHiE 72138 E
S iE~ Ay (Mn) RERRIESH, Th b0
TEHENFEEOPL 72D,

8. NMMLRLZPRT T HLIHRDEHE

A lEl, HaRiFREE D M A AT 28 o T RIS 2« B &
% 270 km T OEEANL - MBS OEH CH D ¥ v 2
b, A A R, FARAX, N—=IY—r D 4%
MO LB TH Y | FRHICH OB LR TR
Mg A am L C, e T O 7 Rk R AR o 2E
HEELBAINBRE B Dt 21778 o 72,

LU DICKpEM E B DORE A 5 & EHOH S
Hidgk O WU (3 3 I VB R OAERITIE VI B 2 b D D
M HERSETH Y | BRx a AN L, IRV ik
ICRRZRHE D 3 A T 5, BRHOMRABIZEICK D &
Ty RETNAXL L ORENBITERD b
W, Zoal v b= — BRI
M, FNCKIIER 250 00RBO N2 L
&, BT OB FICHEREE D DA S L D v
VRETARICK L, TR LA OB N
BNDHH v a7y MON— Y — OB RN %
KL TS, UL, HEHZRETE D881 H 5
FL R L R v, [HARIC, FEHLOALF 58T
KR L KbRICEB T 2 Mk EE O SEE LS (Taylor
and McLennan 1985) &4 5L (K1 0), FDjE
Hiv oD it ol i e 5 ML DB B RIS R & R B a1 R
L. FEHIE D O HVE % ST 2 B 5 110D RS0 T A I
TRV, HAREN TSR D653 0TI & 2 eI
EORIIC, AFEHO il E 23 B9 5 LM S
% (B 2 (ZZEAEARIT BT D =3 D OFFFE) o 1L HS0 L
R 78 & O M GF D3 FRIE S 41 5 Hiudsk T i3 Hiutsk 12
EOBENHERIZR 2000 LIRS, £ < OHUERE
FRMIDNIRAE L. TA\ S [ 72 B 23 55 A7 9~ % b iEe
Mo H T 7 HilhTIE, EEHOREREE LW EE R
Hivd, Lo, ik 3 2B ARIFRICEB TN < A
TV SALZNVEEDFERIC L > TR D Z LI, %
HOBRBUIGHT (FEH) Do h /e HE O WL ERY
DOEAMF A B LTV ATREMED B 5,

WIZENENORE AL EOHTHRE R BT D,
4 FH OBBR D H = U7 iafibaaix, Bl eiggin
59~ 1B HtiAE LT I2RRTHY, HTOWES
SCRERCRUERAN VL L T\ 5, FEH O BEIMSEEI 220
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(LA PR FREL 3~ 5 23 il < LA & HE Ml (i
) Z LRSS R D,

& ary MR O FEER T AR,
Si0: 13 60 wt.% Al #%. FeO*/MgO 1% 1.4 ~ 1.9, ALOs/
Si021%0.20 ~0.27 Tk <HELL L 7zilpl &2~ 7, L L,
TSK37 & TSK39 (Ithd % & = /7> hHEMIC < B3,
VY ALOs &V Sty Zr A &, @iV Z/Ba, Zo/Ti %
ARYR TR S, FH 7815 ClE TSK37 & TSK39 1
find % > = v M RIS 16 ~ 17 itk & R
RAHT L <\ RERIC L 245 L OBREBUGAT-CHE HIEY
EWERLTWD,

P~ dr s R ERRERE, AL CB B8R
L BFEMOMWEIZS > = MR & BT 5
2, KV FeO*/MgO (0.8 ~ 1.4) & AlLOs/SiO: (0.19
~0.21) Ok, MgO & Cr HF®ENE T & TR
505, SMRI & SMRIL (kL £ o PR 0 SCRR AV
L, MU X225k zr L, CrEA&EITY v =
v bR & FEERIC D T, WIS B IR
2 17 il EHEE S, il Z 2 =4 | TSK37,
TSK39 & Sr. Zr IZET 2 L@ W ZuTi & & ol
THETAZ D, vy RETEERZ > =
T NETHDLAREE L &5,

TN A XM LRI, @V CaOF A &, KV K0
GHBENDRDEAEM (9M) L. KV CaO &
HE, GVKOEAENLRLE 7 G (10
fo~ 12 4d) o7 N—Fynind, LEAR L
BB O THIRIZRK y St R ks
fEfcx 5, MBI TICRBWLW T H AR Iy 74
Fh & e WO LWVMEADRD S, A T
7 AR OE A B L-fesch v, F
M DRI T D3ENSCBERL IR IR S D IE N 72 & & Bk L
TWb, F7o. HEFEHITMENE - oM L T
V> Si02, TiO:, Ba, Rb &% & DA TRE S M
Y, V7 BAFEMITETRIREN S 2 v F R
VI R g & A 5 23, FeO*/MgO
(1.2 ~ 1.5) IZ%f LT, @V ALO/SiO: (0.25 ~ 0.30) b,
TAA Y (NaO+K0) X Co & A mIZh T niiE
WRRO B D,

N— 2 — U R B ETEs L a2 Bl T
ARF AL 3ERHT O & He~ | ML ThE 2 2k
DRLT- NS IR DB T HEHA L T D, ZAUEH,
TAERGAE DENWRKEEE T OB R ERH D | 4y
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DAN—=I Y —NTR LT AR_F 27 2 3 IR T
BT, WNCHERE L C T ES o 7ok A I & HEE
IND, LFRRES 7 ARF R & v 3 H TR b
AT SriZZ L<, Rb, Zr IZHE &, i\ FeO*/MgO (1.9
~2.6). ALOy/SiO> (0.23 ~ 0.28). Zr/Sr k. % & D A
TRy END, Lonl, A= v—rHto [ EuiE
FREBMI74 1%, o>/ S— X — ot A Ji Bl o o> 35 Hl
DR EETHOICR L, BMY174 13805 2L, fl
D= Y — U EFRER L AR R 0 | TV A
Xt oFHAFEM (TRM1-5) &L+ 5, BMY174
139 AL DT IV A XFEMIEETH VO . SRR A ERE L
TR o= = C#EEN - L HEETE D,
N=I Y =G L7zfaasid, ko720
L7eN— v — U THUEREM L o TR L LTH
LAt (BMY-Y) LAREf5T (BMY-R) Ok
FARR & IRIE—B L, RIS D TR > D A EHERE L
Tk LE W THMAFE I N LHEE XD (Sasaki
etal. 2009),
HOSHTRERTHET S &, RBHI RT3 #1471
D, AT 11X Z < ORBHIFRD Hiv 580 (Pb)
HIAMES AL, AFEHONT N THROHbND, ¥ =
v NHI A TSK39 #BR< 3k, < R A3
B (SMRI1, 10, 11) ZFR<EL T2 X L0
vy kM 4 3k (TRM7, 8, 10, 11), /S—3 Y —
> D BMY226, BMY227 ZBR< BN Z i d 7o
Do IDLICHEGHIRERDHTORRTHLIN, ¥ a
v EN— X — o R R O FRERC
AR ER BNV, ¥ 22y MRS IR
EARICETEANARD LD, HhEnS &S
RUSDMET L. 77 26T 2IRE (BERkiREL) (T8
T2, 9~ R2MAIMEDLNIZA XA T — LFHERORD
W TIE, FERRME SN TR ATIC X > THiO#h
WRENERT 5 & i (Mason and Tite 1997), AHFZE
TR BN DN EA B OENTBERRIELE DOFEWZT T
72 < VEHIRRER DE N A S L TV D AIREER S 5,
LA T 2B S, T A X o AR
o> [ ERIFREE X O RIS (TRM1-5) & &
7 RO B 28R SRR (TRM6) . F1E)
FhikZeR (TRM9) [ZFB® b7z, AR L7z & 9
N— ¥ —2 BMY174 & FEHIOLF RS R L7 L
A X O Rh v aFER &L 528, SR 585
IR SR, B RN i S T sn R s
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X9 fEEN LA T2 (A YARZIT) THRESH,
Z D% 10 HACE D B JFLEIC B IR R 0 . kT
T THEWES N2 & (Sasakietal. 1993, 4 K
1993, Mason and Tite 1997) NEHL5H, T /LA XH
T O EHE AFE R (TRMI1-5) 1%, & &85
ME 9 e EHEE XA, 9~ 10 TR R T T
THERFBHOBAM AL Sz Z & &7, TRMI IE
BB T 10 Al L HEE L2y, RHIO(L PR K
U 10 ik~ 12 Al L HEE LT v A X s
B FEMRE & EET 5, TAA XTI A D 10
A HL TR L 72k 2 O Cih@m o Fa g & 4
FELT=EEZ B, N—IY— 1L BMY174 137
SV A R TERFHHIAME R S5 LLaT oD 9 il 7 1 A XpE
MiFiFREETH A 9,

AT 3EFFERNPOLT A Y (NaO & CaO) I
FRLMgO N S, TAh U A STV AR
WTHD (¥var v MU TSK39, B R
- SMR1,11,12) , N 2h ot LR o Fggs &
ARUFLWEHROREICTH D | FHOESTREED
TN i S B Mige & R ThTREVRRD b
B, TNV THRITLEFOKR EOREIZ L - TRk
DOMERENOHITHTZENH, 70Uk
DR SN VAR H D3, PRT TR S
TvH U RIOERNIRFRANCE DO S D TH S,

ey T D R a4 E O BRARIE 9 itk
EHEESN D, o TR I X2 v b
(TSK32,33, 34 T/3#t L7= D% TSK32,33), H~ /L7
~ K (SMR8,9). 7 /LA X (TRMI-5), R—3I ¥ —
(BMY174) CTHi+ L7z Aspifaes 3 5 & B RIFEE
Fage 8 M TH D, TRT T HEMOMA L 725 9
AL BRI & PR RS A T 2 - Pv T '
BRclid L (HFex A 1995), 20T 7 v 7 5 H
HEICHEE LT\ (Sasaki 1996, ¥4 AR1EAH> 2000), 4
i oo 9 Al FRER R O LEHR & T D &
TV A X RE (EEFEM TRMI-5) &3 — 3 v —
¥ BMY174 138 L 72 ¥ 8 AR08, 70 XA X+
B (B 7 @3 TRM009) W~ /L v KR
kb (SMR8,9), # =/ MR (TSK32,33) 1
HWIRR D, Zoaly N~y R, T
ARDY 7 AFEMO GO (TRM9) (AL L
TR A RT3, EEILHE O FeO*/MgO X° Al03/Si0:
e, MR TEMAR (Zr R° Cr, Zr/Balbh) (TEWAGR
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HAv, FHUCB L iR T iz E R E R 2 OFF
WaEbo, —F., HEOGHHER» DT 2 & 6
BEIHER ENTZDIET LA ZH LSO THY .
Z OROHT A 5 H A U7 figs L3 TRl i <
TWD, TAX XM R - 2SR M X
BHERICHOHELTRBY, 477 - P~ T HTHE
Fhbss - BRI R & B L, R A E & Fi
DOFEAME HITENTESTWNT, 4 770 LEIEN
b D TR, FEILEOLTH LN, NN
D7 U H AL (Sasaki et al. 1994) 04 T 7 H [ 2%
(Wood et al.2007), =7 bk « 7 24— M EHOA
T UL U7 MERRR CHrielEay 2010) DOFEMO
L E & T 2 & (1), 70 A XH Eak
(FEaFEH) & KO & CaO A EIFHEET 52, Si0:
X MgO. TiO: & A &S FeO*/MgO LTIz R v |
ZOZELATIMBEFEINTZLO TN EN X
b, 7277 L. AR TS Wood b DFEHT 9-10 fitf2
A Z 7N NERREGTHY . B b oRENT
10D A T I FET A X —Fte & Shiz 7 A% —
MBSl R & AR R 0 5 Hi L Rl
CHERIL, KV BREORETHLINR LM TH
Do BHBOBGREE LT, RO HTIECLD AT
ETNA XD AEHMIBEOSHED N L EN D,
Y= TN HRRT T YIS T O kiR & L
T, FEHIE R OB NN & OB LA 0|
B SAICIE T L7 EHEE T & 208, WU B 1%
TIARXNHELTH = ARE L B D,
AREFERET DA =0 "= 8 (fAEHEM) 3
# (BMY227,SMR10,SMR12) D43 #r © 47> 7=, FEHll
DAL F 3 HTHE I O S ffg#s & K& < H7R2 0 | Sio:
IZE A, EITEMRICZ L, ey RiE R
b= =2 k2 HA T 5 & SMRI0 (X SMR12
W T V) e (KO + NaO) OEFHEICZ L
< CricEBLERAMNFRD HINLDLM, IFER T L 9 722
RERT, N—=F—rHE0OBMY227 1%, v
1 R LA F—r =X MZHR, SiO ITF &,
ALOs %° CaO, MgO, BalZZ L &9 EN R
LA, HTHIZ X DENAROBEND, S TWD
HZEIE, SMRIO (ZiZ- X 0D LA2WA, ZOMD 2 8
X7 A DRICTH D, 14 HfdEORE & HEE Lt
SNT Y REA b= =R N EALF5HT LT Tite
HILEDE, By REA ==X MNIH
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KL CSio: A& (929 wt%) IZEH, 7BV ER
2 (Na:O+K:0=22 wt.%) I[ZZ LWZ A 7L R T
SiO: (22 L< (23U 1M 833 wt.%) . T /v Y
GHE QREOFEHE NaO+K0=4.4 wt.%) (Z&ETe
BATD2LEATNSHDE LI, Y~y FHLX
h—>—2Z k (SMR10,12) 1E, FAZFEDOY A X TH
ki (0.05-0.10 mm) T&H VD, SiO: & A & 1% 83.2 wt.%
L8299 wt%., TAH Y LEDOEHREIL23 wt% & 3.6
wt% ET BV EGERICZLOLN, SIGHEDZ
LY A TIAB ST RS RRat sl L L T S (Tite
et al.2011), /X—=3 ¥ — 2+ BMY227 13 Si0: & F
BICE LN, bl REOR SI0: ¥ 4 7 L ik
LHVRFN R 0 i D O AG TH D, A h—
V= 2 NIRRT L < 22 D 1F E RO E A B
Z. SiO: EHBICELEMICH D LEMINLTND
(Tite et al. 2011),

Pl 7 o7 IicfiE+ 5 4fmnom L7z 9
AL 25 10-13 il 2 FE L L8 14 ~ 17 i 2 &
Tefafba s 2 TR B b DI R & AEn
IERR D HALZR A SEHL AL PRI 23 2 TR
LT, KATEHEVWARO LN, TFE, AV
RE I THIE CAFEE - ITHE LT A AT — LFRERD
AR E O BUVMEF T — 2 BRI TWD
(] 213 Wood et al. 2007, Ha1%A22010 72 &), £l
SOSHHEL i LT, FRT D7 EEMRFEE O3
ORI IE A VR & 2 7 s B R
fr CALFMAIT R R D, BE T O ZEBRA N E A TV
RN LB, EEFEENTED LRV ELE
WS, e ARIED (2008) <° Sasaki et al.(2009) THI &
VAN ekl ol s W AN Sl s vl i1 O E
AT 12 NS 13 AL D O BIMIEECH D (e x
A 2010), Trebbh, FRT7T T OFETTHLILE
M FhbE e X B TR S Nz LA o> TEESh, %
H TR CHMR OEIRITE A TDR 2, BRZRZE Db
DONBET L ®mITENTH ST,

N—= I ¥ = TEmd THAeH IR
(BMY13,167,172,222) 1% 11 il L HEE S, &5
|2 BMY188, BMY224 /3 — 3 ¥ — U A ral B in 2.
TW5, ZHHIFEW CaO R Sr A&, @&\ ALOs
<> TiO:, Rb, Zr, Ni, Co & fi & ¥ X OV & > FeO*/
MgO iz & o TR T i, —HoE (BMY13,
224) TSi0: 3 LV CaO FAH ENELT 20, Tv
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ARRLY~ VI R, Xoalr v Ml RIS
A, FNDOMEISCFEMBUTI AN I T — DI
R IR Lk 2R, (K8, 9), TA4AX
PELHEE SN D BMY174 Z R\ D N — I v —
HEREBIOFNRT LA XL~ hr FORENT &

DEWEZ ATy NERD, 2O &1E, &k
BMY13,167,172,222 |3RIOSCAR DY T /0 A AR~ L )
Y RIZEEGOH DB TH DN, THARARX, b
By R Evalry ML ORGTIERL  ANA—F—
VHETH LR Z R L, RUEENI Y~ v B
NofEb Y, Akt A= —rTthor L%
RSB, 1272, KA T U TCRYEESNIZ b O —
Y — NI AR A A E T E RN,
Y= DRSS D VITHA T v DRIFEEO RO
ST ETH D,

SETEMEEINTZZT N, AT, 477, T
Tob L st D 14 I EFE S LT A A
7 — LBRZR OB T T — 2 % £ LTz Tite (2011)
WCRDE, A AT —LHggRDFRME i 258
OB G DEITIE, 5l L ChREEEROFMIZITT
A Y FRT VA VSRS IE S TS Z EREL
TV MTE LRI STV d Z &
FEAETHD L LIz, RIFETH LN -T2
KT T NHH T 5% OlikifEE X Si02 (fF5%)
WZZ L, vy MTETSE NG 72 A kP 223
%< B ED, TOTRTUTHMBES LTS, 72
Pbh, 10 HHEIC L7 o — ROWERIERTH Y |
BERITN V7 a— REEELZELTH, Wit
Db OIFBHARE LT,

TUT IR VARH I T HUE G L U e R R
OHEULZASNIT L <AThbhTWi=olizst L, FkR7y
7 RO £ & E o EME RS L A L E
o T, ABFZETH &N ST kg D b0 br
R, SBROEMFESL NI 0 — KRG EEZD
ETEHFRBENLOTH D,

IN— X

9. W

AHFIECIE SRR OFEM TH o7& > 2 r v b,
YL R, TAAX, XR=IF—r bttt 5
ERN N E A TN 5 (R Ik E =S SO :: e
IMTEATIR o T, ZORSER. RO, HITERAX
HRILTWD L IICHZ DD, T 5 OLERRIT
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PEHIZ K0 gD Z EWoyinote, Thibbh, T
FR & 7= FEFEO A AMPER D HIEONA L TNz, i
B L OFRgR D2  XBIMIPETH VD . LIANZES DR
AEL72B PRI L S HERR & — B 5. MK ORHE
DPAEROEBEWE R AEEE L H D, A 77 AEHIE
H AR OMMERT 8 Hid% 05 9 AT L.
BT A TEIAD H 8 REITE LI- BB A T 2 fifh
Magsz . 7 T Mias ik Uiz, $hihkio a5k
MY TH 0 | R & BERER B D EE oD
FReFEHR BT 5, vy a— R&E L Cltikh
e D SUVERAN IR L7223, B SE TR S 2 &%
T CTholZ LaHRMEMDIHTZBEL THLIZL
7=,

E i3

#EHIZ B L C. Drs. Jangar Ilyasov, Saida Ilyasov, Bogomolov
Gennadiy, Elizaveta Lushnikova, Otabek Aripdjanov, Minasianth
Vazgen, Gauhar Saodatoua, [LINFIHLO A RICBERIZ 2 o7z,
e X BT s L OV X MRETAEE OB LT, AUy
DAYER, BEFIESE R TFMRA BRI, WEICHE DI
LT, @RKFOFRIF a2z & mAPILE LBtz oo
Too TRAF—BONEOL X BT E O IV T, A
RN v & —ICBIEEIC e o 7o, Ao, PTBRS LR
WU Tdh 5, JEEESMIT Dr. Nigel Wood [ZI&HE L 72, UL EoD
Ji 2 AR %,

5| FASCRR

)5 5% = (Ishihara), 2000, 7 X3 2 & o D LHLE « A,
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X6, Hvakh, v B R, FLAX, N—IF¥—1
H BTk B oD cross GoE .
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T—. BEEAINIEZR—7—) .

X8 Hvakbh, =LA R, TIAX N—=IF—1
Hi g o> =BT RAARL .

K9, #vakyh, P B R, FILAX N—IFY—1
H - W Hh oo f BT SRRk

10 #akv b, v B R, TAARX, RNR—3IF—
ot B R R A KRR d 1 B Mgk B o> 4 ot O SRR AR
(Taylor and McLennan 1995) THIk&(b L7- EE0HE, i C
FAAALI

11, "Ly, mV7 NBLOA 77 g o 2850
FHEL, /3N 1 Sasaki et al. (1994), =27 MIHRIEMN
(2010), A 7 7 1% Wood et al. (2007) IZ X 5.,

F1. Zvalrv b, Y=L B R, TLAX, R—=F—r
H R RsE IO X #RIET (XRD) 5 RO, Mg O%
VS ABERENRD L O XD FDICHRREND b D, S
Qtz £ 8¢ ; Fed B4 ; Px BEA4H ; Ol 7 7 1 ; Fe Fe-Ti [
{b¥ 5 Cal Jififi 5 Crs 7 U A R/NT A | 5 Mica ZZRHH 5 Zeo
WAHE s A F A b ; Chl #5084 ; Clay ki H854%,

£2. Xvalrv b, YL B R, TIVARX NR—=IFY—Vr
LR o> 8 - ALK, FeO* 13 28k4 2 fli T
B L7, n dTBHRRLL T CTh 2 2 & &7 T,

#£3. Fvakh b A B LR, FLAX, N—IF—r
H PR sREE DL AR, TR ATER (R wt%) : © >30
wt.%, O 10-30 wt.%, A 5-10 wt.%, X 1-5 wt.%, — minor. 55
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Fig. 2 Samples for analysis from Tashkent (Binket), Uzbekistan.
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Fig. 3a Samples for analysis from Samarqand, Uzbekistan.
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Fig. 3b Samples for analysis from Samarqand, Uzbekistan.
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Fig. 4a Samples for analysis from Termez, Uzbekistan.
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Fig. 4b Samples for analysis from Termez, Uzbekistan.
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Fig. 5a Samples for analysis from Bamiyan, Afghanistan.
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Fig. 5b Samples for analysis from Bamiyan, Afghanistan.
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Photomicrographs of ceramic sherds from Tashkent, Samarqand, Termez and Bamiyan

Fig. 6 Crossed-polarized
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SMR006

Fig. 7a Photomicrographs of ceramic sherds from Tashkent, Samargand, Termez and Bamiyan
(Left plane-polarized light, Right crossed-polarized light)
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BMY188

Fig. 7b Photomicrographs of ceramic sherds from Tashkent, Samarqand, Termez and Bamiyan
(Left plane-polarized light, Right crossed-polarized light)
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Mineral name: Qtz-Quartz; Fld-Feldspar; Px-Pyroxene; Ol-Olivine; Fe-Fe-Ti oxide; Cal-calcite; Crs-
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Crystbalite; Mica-Mica; Zeo-Zeolite; Ill-illite; Chl-Chlorite; Clay-Clay mineral.

Table 1 X ray diffraction data summary of ceramic sherds from Tashkent, Samarqand, Termez and Bamiyan.
Intensity: Omajor; Aidentification; X minor.
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Sample| TSKO01 TSK002 TSKO003 TSK004 TSKO008 TSKO012 TSKO013 TSKO14 TSKO015 TSKO016
(wt.%)
Sio, 59.71 60.80 59.50 60.52 59.88 60.33 61.36 59.91 59.85 58.08
TiO, 0.67 0.68 0.66 0.68 0.64 0.67 0.67 0.69 0.69 0.67
Al,O4 14.40 14.08 13.57 13.88 13.66 14.59 13.56 15.54 13.90 13.73
FeO* 474 475 452 4.73 4.51 4.88 4.49 5.21 462 487
MnO 0.09 0.09 0.10 0.10 0.09 0.10 0.09 0.11 0.09 0.11
MgO 3.03 3.39 3.1 2.95 3.02 2.88 2.72 2.85 3.36 3.51
CaO 12.00 11.45 13.74 12.34 13.18 11.15 10.86 9.84 13.34 14.60
Na,O 1.39 1.35 1.39 1.40 1.35 1.25 1.39 1.19 1.21 1.15
K,0 3.33 2.99 2.99 3.01 3.07 3.34 3.15 3.27 2.61 2.57
P,05 0.62 0.43 0.42 0.40 0.60 0.80 1.71 1.39 0.33 0.71
Total| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
(ppm)
Ni 39 41 4 40 35 37 35 41 35 48
Cu 50 34 48 43 266 91 37 1 32 98
Zn 129 102 115 115 113 128 124 110 99 492
Th 21 58 65 18 74 23 53 62 136 47
Rb 112 95 90 105 84 110 94 111 64 72
Sr 296 300 271 307 273 345 325 310 221 321
Y 25 7 8 28 4 25 13 11 n.d. 16
Zr 170 163 159 190 150 162 166 153 122 154
Nb 12 13 12 13 12 13 11 13 10 12
Co 17 18 15 18 15 19 15 20 16 20
Cr 68 78 67 73 57 53 64 74 57 103
\% 106 102 102 82 83 99 90 102 102 103
Ba 633 474 609 818 530 605 661 772 468 650
Sample| TSKO17 TSKO018 TSKO019 TSK021 TSK023 TSKO025 TSK028 TSK029 TSK031 TSK032
Sio,| 5987 6047 6145 6436 5967 5914 5892 5988 6121  60.77
TiO, 0.67 0.68 0.68 0.73 0.68 0.70 0.67 0.67 0.68 0.73
Al,O4 14.33 14.07 13.78 13.90 14.57 14.61 15.66 14.29 14.23 14.52
FeO* 477 471 4.65 467 5.06 5.00 5.31 471 441 5.14
MnO 0.13 0.09 0.09 0.08 0.09 0.12 0.11 0.09 0.09 0.09
MgO 3.05 3.05 3.12 2.51 3.55 2.95 3.15 3.07 2.82 3.57
CaO 11.76 11.79 11.91 8.11 11.48 11.89 10.66 12.47 10.74 10.26
Na,O 1.33 1.31 1.36 1.57 1.61 1.35 1.24 1.62 1.48 1.55
K,0 3.21 3.23 2.70 3.09 2.99 3.48 3.37 2.77 3.13 3.03
P,05 0.88 0.60 0.26 0.97 0.31 0.76 0.92 0.43 1.20 0.35
Total| 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Ni 37 37 42 41 46 40 40 35 34 51
Cu 47 42 37 72 1106 51 58 567 114 171
Zn 118 120 92 103 113 131 113 94 104 108
Th 14 72 80 19 102 29 83 105 112 12
Rb 109 88 82 108 89 106 106 84 82 107
Sr 260 254 235 328 222 277 263 243 373 347
Y 25 4 4 29 n.d. 22 2 n.d. n.d. 25
Zr 161 141 164 215 140 161 122 133 127 180
Nb 13 11 13 14 11 13 12 11 10 13
Co 18 16 17 17 18 18 18 16 15 19
Cr 69 64 58 80 74 63 64 67 63 99
\ 109 100 106 83 103 98 95 103 91 127
Ba 595 562 591 1003 529 591 679 638 593 552

Table 2-1 Major and element compositions of ceramic shards from Tashkent, Samarqand, Termez and Bamiyan
. FeO* is total iron as FeO. n.d.: not determined.
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Sample| TSK033 TSK035 TSK037 TSKO039 SMRO001 SMR002 SMR003 SMR004 SMR005 SMRO006

(wt.%)
Si0,|  60.71 61.87 61.15 61.76 63.61 61.13 60.02 63.15 60.07 59.95
Tio, 0.66 0.72 0.65 0.66 0.68 0.66 0.63 0.64 0.64 0.66

ALO,| 1432 15.16 13.45 12.30 12.20 12.05 12.60 12.41 13.10 12.65

FeO* 4.63 5.18 4.50 3.87 4.01 3.98 4.07 3.93 4.16 4.04
MnO 0.10 0.1 0.08 0.10 0.08 0.08 0.07 0.08 0.07 0.07
MgO 3.04 3.08 3.01 2.36 2.84 422 5.17 3.85 5.49 5.24
CaO 10.99 8.80 11.70 13.44 10.84 13.00 13.14 11.12 11.99 12.88
Na,O 1.69 1.40 1.61 1.72 1.86 1.94 1.18 1.46 1.19 1.31

K,0 3.21 3.42 3.05 3.05 2.80 272 272 2.89 2.50 274
P,05 0.64 0.26 0.78 0.74 1.07 0.21 0.38 0.47 0.79 0.46

Total|l 100.00 100.00 100.00 100.00 100.00 100.00  100.00  100.00  100.00  100.00

(ppm)

Ni 44 42 39 30 31 31 38 34 39 41
Cu 66 51 37 400 51 796 39 28 51 24
Zn 108 105 105 78 91 64 717 82 111 85
Th 21 64 15 12 7 94 59 21 30 66
Rb 98 106 102 87 86 57 82 100 99 92
Sr 296 244 480 520 368 330 288 302 295 246
Y 26 11 30 30 27 n.d. 11 27 19 9
Zr 174 160 185 210 232 168 179 227 184 177
Nb 13 13 12 12 13 11 10 13 12 11
Co 19 19 19 14 15 13 14 14 14 15
Cr 64 82 70 65 79 76 137 143 140 162
\Y 111 115 93 100 93 100 144 123 157 127
Ba 597 613 567 591 614 500 501 518 420 415

Sample| SMR007 SMR008 SMR009 SMR010 SMRO11 SMR012 TRMO001 TRMO002 TRMO003 TRMO004

Si0,| 59.58 63.02 60.66 83.19 61.06 82.87 54.80 55.68 56.33 55.92
TiO, 0.64 0.70 0.63 0.10 0.67 0.16 0.59 0.59 0.64 0.58
AlL,O;]  12.89 13.38 13.02 3.69 11.93 4.88 13.56 13.84 14.41 12.41

FeO* 4.22 4.39 4.25 0.84 4.03 0.76 433 4.48 4.77 3.94
MnO 0.07 0.07 0.07 0.05 0.07 0.03 0.08 0.09 0.09 0.08
MgO 5.57 3.90 5.19 3.91 3.66 3.07 3.38 3.48 3.43 3.31
CaO 12.29 9.82 11.70 5.76 13.88 452 19.45 18.03 16.09 19.82

Na,O 1.37 1.45 1.53 1.69 1.60 1.88 2.16 2.06 2.35 1.83
K,0 2.88 294 2.62 0.65 2.84 1.73 1.34 1.45 1.56 1.76
P,05 0.48 0.33 0.32 0.12 0.25 0.12 0.31 0.29 0.33 0.36

Total| 100.00 100.00 100.00  100.00  100.00  100.00 _ 100.00  100.00 _ 100.00 _ 100.00

(ppm)

Ni 45 35 47 6 40 12 39 42 51 37
Cu 49 150 93 4 63 304 35 115 399 681
Zn 920 96 87 17 76 37 69 77 97 72
Th 25 26 23 3 16 3 119 132 13 114
Rb 96 105 99 34 91 41 28 32 43 34
Sr 367 261 263 71 335 96 416 294 429 337

Y 25 19 26 4 27 7 n.d. n.d. 25 n.d.
Zr 183 185 190 21 234 23 96 96 156 102
Nb 13 13 14 5 13 5 8 8 11 7
Co 14 15 13 1 15 2 13 14 19 11
Cr 146 163 153 443 77 75 83 83 103 72

\ 118 122 159 87 84 52 98 95 113 90
Ba 389 416 479 249 600 229 274 314 401 237

Table 2-2 Major and element compositions of ceramic shards from Tashkent, Samarqand, Termez and Bamiyan
. FeO* is total iron as FeO. n.d.: not determined.
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Sample| TRM005 TRMO006 TRMO007 TRM008 TRM009 TRMO10 TRMO11 BMY013 BMY172 BMY167

(wt.%)
Si0,|  54.20 60.59 58.29 58.39 58.35 58.59 58.05 60.61 61.06 64.55
Tio, 0.57 0.68 0.73 0.78 0.68 0.71 0.68 0.81 0.81 0.93

ALO,[ 1288 15.75 16.28 16.66 15.90 15.60 15.24 15.87 16.70 15.81

FeO* 419 5.41 5.68 5.92 5.39 5.30 5.23 5. 6.08 5.81
MnO 0.08 0.10 0.11 0.11 0.09 0.10 0.11 0.10 0.10 0.11
MgO 3.29 3.74 3.90 3.80 4.04 4.40 3.59 2317 2.60 2.24
CaO| 20.56 7.88 9.06 8.92 10.54 10.32 11.46 10.11 7.98 6.17
Na,O 2.01 2.03 1.81 1.75 1.64 1.60 1.64 1.01 1.10 1.13

K,O0 1.85 3.62 3.88 3.47 3.14 3.13 3.55 3.00 3.31 3.01
P,05 0.39 0.21 0.25 0.22 0.22 0.25 0.44 0.41 0.24 0.22

Total| 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00  100.00

(ppm)

Ni 39 47 47 47 45 1 40 49 63 52
Cu 252 56 45 125 231 39 45 48 36 50
Zn 81 96 104 106 88 91 81 110 102 96
Th 66 26 20 48 98 84 45 34 19 20
Rb 44 125 129 123 96 97 106 114 127 119
Sr 443 279 344 243 257 271 371 188 185 147

Y n.d. 22 26 13 n.d. n.d. 14 22 32 28
Zr 126 144 152 139 113 116 134 209 220 243
Nb 9 12 13 14 11 12 11 16 16 17
Co 15 22 21 21 17 19 19 21 22 22
Cr 80 93 98 99 88 83 92 90 106 86

\ 83 121 113 116 119 109 118 96 104 124
Ba 273 504 477 467 427 426 482 586 612 595

Sample| BMY222 BMY161 BMY223 BMY188 BMY224 BMY225 BMY139 BMY148 BMY090 BMY124

(wt.%)
Si0,| 64.66 60.19 60.46 62.44 60.64 58.76 60.55 57.84 60.16 60.80
Tio, 0.93 0.76 0.78 0.83 0.79 0.73 0.79 0.74 0.77 0.80

ALO,| 1576 15.11 15.78 16.13 15.27 15.69 15.31 16.08 15.27 17.02

FeO* 5.68 515 5.46 5.83 5.50 5.60 5.47 5.69 5.43 6.32
MnO 0.09 0.09 0.10 0.10 0.11 0.10 0.11 0.10 0.12 0.11
MgO 2.26 2.63 2.66 2.43 2.51 2.96 2.46 2.99 2.58 2.44
CaO 6.22 11.77 10.38 7.43 10.74 11.93 10.91 12.40 11.19 7.81
Na,O 1.11 1.12 1.1 1.10 1.15 1.04 1.09 0.98 0.98 1.05

K,O0 3.06 2.96 3.09 3.43 3.13 2.99 3.13 3.01 3.17 3.37
P,0; 0.22 0.22 0.18 0.26 0.18 0.20 0.19 0.18 0.33 0.27

Total| 100.00 100.00 100.00 100.00  100.00  100.00  100.00  100.00  100.00 _ 100.00

(ppm)

Ni 50 49 60 59 59 61 57 60 61 60
Cu 40 155 122 60 36 45 79 78 52 62
Zn 98 81 115 97 100 123 105 147 145 128
Th 21 147 26 33 19 58 32 70 37 21
Rb 118 84 117 123 118 112 113 101 117 129
Sr 151 151 215 167 207 189 201 190 209 160
Y 31 n.d. 25 22 30 7 23 3 20 29
Zr 261 133 225 222 238 171 218 162 199 218
Nb 17 11 17 17 17 14 16 14 15 16
Co 22 17 21 21 21 22 20 21 18 24
Cr 89 87 97 102 100 105 89 98 106 102
\ 114 95 103 103 103 109 105 117 106 118
Ba 487 370 537 573 622 460 569 431 477 477

Table 2-3 Major and element compositions of ceramic shards from Tashkent, Samarqand, Termez and Bamiyan.
FeO* is total iron as FeO. n.d.: not determined.
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Sample| BMY226 BMY134 BMY174 BMY227 BMY228 BMY-Y BMY-R
(wt.%)
Sio, 64.43 62.37 55.19 94.41 60.18 55.49 60.35
TiO, 0.90 0.81 0.62 0.06 0.85 0.65 0.84
Al,O4 16.01 14.28 14.61 2.21 16.40 16.35 14.67
FeO* 5.78 496 473 0.21 6.07 5.25 522
MnO 0.10 0.11 0.10 0.01 0.10 0.07 0.07
MgO 2.19 2.29 3.43 0.55 2.34 2.48 3.06
CaO 6.38 10.82 17.66 0.54 8.88 15.67 11.13
Na,O 1.03 1.16 1.61 1.25 1.40 0.79 1.99
K,0 3.00 297 1.79 0.72 3.54 3.09 2.54
P,05 0.18 0.24 0.27 0.02 0.25 0.16 0.13
Total|l 100.00 100.00 100.00 100.00 100.00 100.00 100.00
(ppm)
Ni 57 50 70 3 54 49 36
Cu 39 40 28 15 31 29 16
Zn 102 90 153 24 109 96 55
Th 13 45 8 3 13 9 5
Rb 124 105 55 28 123 136 80
Sr 153 191 464 109 166 178 184
Y 33 17 18 5 36 26 22
Zr 266 219 60 42 285 182 176
Nb 19 16 10 3 25 15 11
Co 21 18 19 1 21 19 17
Cr 104 83 135 5 70 91 89
V 122 93 108 8 106 119 139
Ba 495 628 552 66 614 442 165

Table 2-4 Major and element compositions of ceramic shards from Tashkent,

Samarqand, Termez and Bamiyan.
FeO* is total iron as FeO. n.d.,: not determined.
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sample locality | fabric | glaze | Na,O MgO Al,O; SiO, P,0; K,O0 CaO TiO, Cr,03 MnO Fe,O3 CuO ZnO PbO SnO,
TSKO001 | Tashkent lp w A © X X — ©
TSK002 | Tashkent lp w X (@) O X O — ©
TSKO003 | Tashkent Ly w A © X X — — (@)
TSKO004 | Tashkent p w X © - = ©
TSKO008 | Tashkent lp w A © X X — - (@)
TSK012 | Tashkent lp w X © X X x - ©
TSKO013 | Tashkent | Ip w x o O x (@) - ©
TSKO014 | Tashkent lp w X © X — - ©
TSKO15 | Tashkent Ly w X © x — - ©
TSKO16 | Tashkent | Ly/p | w @] X X . ©
TSKO017 | Tashkent lp w X © A — X — ©
TSK018 | Tashkent lp y X © x X x ©
TSKO19 | Tashkent | Ly/p | w A © X X - ©
TSK021 | Tashkent lp w © © X X X X —
TSK023 | Tashkent | Ly/p g X © X X — A ©
TSKO025 | Tashkent p w X © x — ©
TSK028 | Tashkent | Ly/p | w (@] © X O - A O
TSK029 | Tashkent | lLy/p g X © X X — X ©
TSKO031 | Tashkent Ly w X © X X — — O
TSKO032 | Tashkent lp w X © X X - - - A
TSK033 | Tashkent l.p w X © X X — — — X
TSKO035 | Tashkent lp y © X X — ©
TSK037 | Tashkent l.p w © A A - X X
TSKO039 | Tashkent | Ly/p w A X X © A X — X —

SMRO001 | Samrgand Ly w A X A © X X A — — — X —

SMR002 | Samrgand Ly g A © X A - X X
SMR003 | Samrgand lp w X © — — X
SMR004 | Samrgand p w A © X X — X
SMRO005 | Samrgand lp br O © X X — X X
SMRO006 | Samrgand lp w A © X X — X
SMRO007 | Samrqand p w A © - X — A
SMRO008 | Samrqand p g A © - X - X A
SMRO009 | Samrgand l.p g (@) © X X — X
SMRO10 | Samrgand w w A © X A — —

SMRO11 | Samrgand lp w O X A © X X — — -

SMRO012 | Samrqand w b O X A © X — - — X
TRMO0O01 Termez Ly w X © X X X — X X
TRMO002 Termez Ly w A © X x - X (@)
TRMO003 | Termez Ly b A © X x — - X — —
TRMO004 Termez Ly b A © X X — — — X X
TRMO005 | Termez ly w X © X X — — X X
TRMO006 | Termez lp w A © X X X — X -
TRMO007 Termez p w A © X X A — X X
TRMO008 | Termez p w O © X X O — X X
TRMO009 | Termez lp w O © X X — — X —
TRMO10 | Termez p w A © X X — X
TRMO11 Termez p w A © X X — X
BMY013 | Bamiyan r br O © X - X — X X — A
BMY172 | Bamiyan r w O © X — — — — —
BMY167 | Bamiyan r w A © X — A
BMY222 | Bamiyan r w A © — X — A
BMY161 | Bamiyan p y X © X X X A
BMY223 | Bamiyan p g A © X X — X — A
BMY188 | Bamiyan p w A © X X X — — A
BMY224 | Bamiyan p w A © X — X — — X
BMY225 | Bamiyan p y A © - X X X A
BMY139 | Bamiyan p g O © X — X — (@)
BMY148 | Bamiyan p w A © X - — X (@)
BMY090 | Bamiyan lp w A © X X — — X A
BMY124 | Bamiyan r g A © X - - X X (@)
BMY226 | Bamiyan r w O © X X — —

BMY174 | Bamiyan Ly w A © X — X
BMY227 | Bamiyan I.p w O X X © X x — —

Table 3 Chemical composition of glazes from Tashkent, Samarqand, Termez and Bamiyan.
Concentration © >30 wt.% O 10-30 wt.% A 5-10 wt.% X 1-5 wt.% — minor. Color of the fabric
and glaze: l.p-light pink p-pink, Ly-light yellow; y-yellow, r-red, w-white, b-blue, br-brown, g-green.
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Chemical analyses of central Asian ceramics and their provenances

Tatsuo Sasaki, Kazuto Koizumi and Hanae Sasaki

Preface

Central Asian countries have produced many ceramic
wares that have similar decorations and techniques. This
suggests frequent personnel and cultural movements by the
land route. However, research at Turkmenistan, Uzbekistan
and Afghanistan has revealed that the ceramics found from
these sites are mostly locally made and very few have been
imported from other areas (Sasaki et al. 2007,2008).

Using chemical analysis, this paper aims to confirm
the technical propagation and trade conditions of glazed
ceramics, found at sites in Tashkent, Samarkand, Termez
and Bamiyan, which run broadly from north to south
with about 270 km between each site. The overall direct
distance from Tashkent to Bamiyan is 730 km. The results
of chemical analyses of the fabrics of glazed wares from
Samarkand, Termez and Bamiyan have already been
reported (Sasaki et al. 2009). In this paper, samples from
Tashkent are added and the results by polarized light
microscopy and chemical analysis of glazes are also

included.

History of the area

Uzbekistan is a landlocked country with huge deserts and
high mountains. Two rivers, Syr Darya and Amu Darya
allow very limited agriculture at the oases along the rivers.
Its present capital city Tashkent has been a well-known
trading oasis-town from the 7th to the 8th centuries under
Islamic influence. At the beginning of the 13th century, the
town was destroyed by the Mongolian invasion, but was
later rebuilt by Timur. The historical city of Samarkand
locates on a tributary of Amu Darya and has played an
important role as one of the intersect towns on trade routes
that connect China and western regions, India and Iran from
the 7th century or 8th century. Samarkand was demolished

by the Mongols in 1220 but was reconstructed and then

1M1

flourished between the end of the 14th century and the
15th century as the capital of the Timurid Empire. Termez
is located on the banks of the Amu Darya, which divides
Uzbekistan from Afghanistan. It belonged to Bactria.
During the first and the 3rd century, Termez was influenced
by Buddhism and then converted to Islam in the 7th century.
At the time of Timur, Termez enjoyed its most prosperous
period. Bamiyan is the well-known historical Buddhist
city in Afghanistan. Although it is located in a 2500m high
basin, Bamiyan served as a commercial crossroad of trade
routes. Bamiyan flourished as a Buddhist city between the
6th century and the 10th century, after which the influence
of Islam became stronger until it was destroyed by the

Mongolian invasion in the early 13th century.

Geological feature

The Central Asian Orogenic Belt, which stretches from
the eastern Tibetan plateau, characterizes this area, exposing
a wide variety of horizontal rock strata of long geological
periods - from the Neoproterozoic (¢.600 milion BP) to the
Mesoproterozoic (c.100 milion BP).

The geology of Uzbekistan is distributed from the north
to the south. It consists of marine sedimentary rocks of the
Paleozoic (¢.300-400 milion BP), marine sedimentary rocks
and igneous rocks of the upper Neoproterozoic to the lower
Paleozoic era. There is also a mélange of a variety of rocks
including ophiolite composed of marine sedimentary rocks
and plutonic rocks that are rich in Mg and Fe and date to the
upper Paleozoic eras (Teraoka and Okumura 2007, Ishihara
2000). The Paleozoic marine sedimentary rocks are exposed
in the Tashkent area, and the Paleozoic granite rocks are
widely distributed at the eastern area. The ophiolite rocks
are exposed at the north edge of the Tien Shan mountains,
to the south of Tashkent. Commonly found rocks in the

Samarkand area are Paleozoic marine sedimentary rocks
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(mudstone and sandstone) and granite, together with
limestone and other carbonite rocks. Mesozoic marine
and terrestrial sedimentary rocks, and granites are widely
distributed around the Termez area.

Uzbekistan is famous for its underground resources, and
produces copper, gold, lead and zinc. In particular gold
production has a long history and it is known that a huge
amount of gold was produced around Tashkent in the 15th
century under the Timurid Empire (Metal Mining Agency
of Japan 1995).

Geological features in Afghanistan also comprise
complicated structures of the Central Asian orogenic, like
Uzbekistan. In the Bamiyan area, marine sedimentary rocks
from the Paleozoic era to the Tertiary period (c. 60 million
BP) are distributed widely, and granite and acid volcanic
rocks are partly observed among the rocks of different ages

(Teraoka and Okumura 2007).

Analyzed materials

65 ceramic fragments were examined, which consist of
24 glazed wares from Tashkent (northern Uzbekistan), 12
glazed wares from Samarkand (central Uzbekistan), 11
glazed wares from Termez (southern Uzbekistan) and 18
glazed wares from Bamiyan (Afghanistan). These were
analyzed by powder X-ray fluorescence spectrometry
(XRF) and X-ray diffraction (XRD) for the main elements
and trace elements, together with polarizing microscopic
observation of the minerals in the fabrics and glazes. Fig.
2-5 are analyzed shards, in which the abbreviations TSK,
SMR, TRM and BMY stand for Tashkent, Samarkand,
Termez and Bamiyan.

Archaeologically, their dates are estimated as follows;
Tashkent samples TSK 32-34 (9th century), TSK 1-5, 7-9,
11-14, 18-20, 23, 24, 26, 27, 29, 31 (10th century), TSK
6, 10, 15-17, 25 (11th century), TSK 35, 36 (11th to 12th
centuries), TSK 21, 28 (12th to 13th centuries), TSK 37
(16th century) and TSK 38, 39 (17th century). Samarkand
samples SMR 8, 9 (9th century), SMR 3-7 (10th to 11th
centuries), SMR 2 (12th century), SMR 10 (16th century),
SMR 1, 11 (17th century) and SMR 12 is not identified.
Termez samples TRM 1-5 (9th century), TRM 7-10 (10th
century), TRM 11 (11th century) and TRM 6 (12th century).
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Bamiyan sample BMY 174 (9th century), BMY 13, 167,
172, 222 (11th century) and the others are from the 12th to
13th centuries.

Shards from Tashkent were found at the Binket site where
Dr. Saida Ilyasof worked. Those are the representative
glazed wares of Tashkent and they seemed to be influenced
from other areas. Most of the samples bear green glaze
decoration on opaque-white glazes and polychrome
painted wares with yellow or pink fabrics. These are
archaeologically considered to be the main products of
the 9th century and also the 10th to 11th centuries. They
include two other samples of the 12th to the 13th centuries,
one of the 16th century and two of the 17th century.

Shards from Samarkand and Termez are the more
commonly found wares at each area. Most of the
Samarkand shards are from Afrasiab and stored in the State
Museum of Culture History of Uzbekistan. Major samples
are polychrome painted wares with pink fabric of the 10th
to the 11th centuries. Green-glaze decoration on opaque-
white glazed ware with yellow fabric of the 9th century
(SMR 8, 9) and polycrome glazed incised ware of the 10th
to 11th centuries (SMR 7) were also analyzed. Shards SMR
10 and SMR 12 are quartz-based stone paste fabric, which
is a quite different fabric from the others. Most of the
samples are dated to the 10th to 12th centuries, while SMR
10 is from the 16th century, while SMR 1 and SMR 11 are
from the 17th century.

Shards from Termez were selected, together with Dr.
Jangar Ilyasov, from the range of excavated material. Five
samples of the 9th century opaque-white glazed ware
(TRM1, 2) and green glaze decoration on opaque-white
glazed ware (TRM3, 4, 5) were placed in the yellow fabric
group. Polychrome glazed incised ware (TRM?7, 8), green
glaze decoration on opaque-white glazed ware (TRM 9),
and polychrome painted ware (TRM10) are from the 10th
century and placed in the pink fabric group, together with
the 11th century TRM 011 and the 12th century TRM
006. Although TRM 009 is the green glaze decoration
on opaque-white glazed ware, which type was popular in
the 9th century, it is considered archaeologically to be a
10th century ware because of its pink fabric. The fact that
TRM1-6 and TRMO used a lead-tin glaze, and there is no
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other sample which used a tin containing glaze with a pink
fabric, supports the view that TRM9 was made during the
transitional period between the 9th century and the 10th
century.

Shards from Bamiyan were excavated by the Tokyo
National Research Institute for Cultural Properties and
studied in 2007 as a joint project with Kanazawa University.
One shard from the excavated site at Taibuti (BMYO013),
five shards from Gharibabad (BMY 132, 167, 161, 188,
174), eight shards from Qazi Dauti (BMY222, 223, 224,
225, 148, 226, 227, 228) and four shards from Ju-yi Shahr
(BMY139, 90, 124, 134) were studied. Glazed Bamiyan
shards from the 10th to the 13th centuries were grouped
with 13 shards of red fabric ware, one red earthenware
(BMY?228), one opaque-white glazed ware with yellowish
white fabric (BMY174), one green and brown glazed
ware with pink fabric (BMY161), one transparent glazed
ware with stone paste fabric (BMY?227) and one kiln shelf
support (BMY134). Archaeologically, those are considered
to be Bamiyan products, except BMY161, 174, 227. Most
of the glazed wares from Bamiyan have red fabrics, but
BMY 174 has a yellowish white fabric which resembles
the fabric of TRM1 and TRM2. For the comparative study,
modern brick materials of yellow clay (BMY-Y) and red
clay (BMY-R) were tested by XRF and XRD. A report of
the joint project was published in 2008 (Sasaki et al.), and

the same sample numbers are used in this paper.

Chemical analytical method

Chemical analysis of the fabrics and glazes were made
from 65 samples from the four archaeological sites,
Tashkent, Termez, Samarkand and Bamiyan.

Major elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K ,
P) and trace elements (Ni, Rb, Sr, Y, Zr, Nb, Ba, Co, Cr,
V) of the fabrics were determined by X-ray fluorescence
spectrometry (XRF), using Rigaku 3270 X-ray spectrometer
at Kanazawa University for fused glass of Li>B4Os-sample
powder mixture and pressed pellets of sample powder,
respectively. The analyses were made at 50 kV accelerating
voltage and 20 mA beam current. Mineral species and the
elemental-contents of the fabrics were analyzed by powder

X-ray diffraction (XRD) with a horizontal Bragg-Brentano
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goniometer and power conditions (40 kV/ 30 mA), using
Rigaku RINT1200 at Kanazawa University. Chemical
analysis of the glazes of the shards were also obtained
by energy-dispersive X-ray fluorescence (EDXRF) using
EDAX Eagle-II XPL with a Rh target, Si detector and an
irradiated spot of 300 um. The working voltage was 30 kV
at an intensity of 1000 uA and 15 chemical elements (Na,
Mg, AL, Si, P, K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, Pb, Sn) were
measured. Polarized light microscopy was used for the

petrographic analysis of fabrics in the thin sections.

Petrographic microscopy and X-ray powder diffraction
(XRD) of the fabrics

The fabric of the analyzed shards can be grouped by color.
Most of the Tashkent samples have pink fabrics and some
show yellow. Samarkand and Termez samples have yellow
or pink and red fabrics. Most of the Bamiyan samples bore
red fabrics. Stone paste samples of Termez and Bamiyan
(SMR10, 12, BMY227) have quartz-based white fabrics.

The photomicrographs of fabrics from Tashkent,
Samarkand, Termez and Bamiyan are shown in Fig.6, 7.
According to petrographic microscopy, all minerals in
the samples have been slightly vitrified, and are mainly
composed of silt to sand grain sized quartz and feldspar.
Biotite and Fe-Ti oxides of brown or black colored opaque
minerals were also observed.

Samples from Tashkent were generally composed of sub
rounded quartz and feldspar, and their grain size is roughly
0.03 mm. Sometimes feldspar grains of more than 0.2 mm
exist. Biotite and Fe-Ti oxides of brown color grain also
occur. Fine voids are common and filled with quartz and
cristobalite. Rarely, more than 0.5mm length of volcanic
rocks (TSK2, 23) and black colored opaque minerals are
present (TSKO014, 31, 37).

Samples from Samarkand show similar features to that
of Tashkent. Some Termez samples include comparatively
rounded fine grains of quartz and feldspar, and plenty of
biotite and brown-opaque minerals and a few calcite-filled
glassy matrices occur between the grains of quartz and
feldspar. Most of the quartz and feldspar are 0.03 mm to
0.05 mm in length, but there are samples which have more

than 0.2 mm length of quartz, feldspar and an aggregate of
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brown-opaque minerals.

Samples from Termez show a content-difference of
brown colored minerals, such as biotite and Fe-Ti oxide-
substances, between the yellow fabric (TRM1-5) and
pink fabric (TRM6-11). TRM1-5 contains fine quartz
and feldspar of 0.02-0.03 mm in diameter. Compared to
TRM6-11, TRM1-5 have less biotite and opaque minerals
between quarts and feldspar grains, and are rich in black
colored opaque minerals, such as magnetite, and a glassy
matrix. TRM6-11 presents similar feature to Tashkent
and Samarkand samples. These consist mainly of 0.02-
0.03 mm sized quartz and feldspar, but often contain more
than 0.2 mm lengths of sharp coarse quartz and feldspar,
which appears more frequently than in Tashkent samples.
Similarly, the Bamiyan sample TRMO006 contains coarse
quartz and feldspar, filled with biotite, brown colored Fe-
Ti oxides substances and matrix. The Termez samples
also show formed voids, filled with calcite and secondary
formed minerals.

Samples of Bamiyan presents larger grains of minerals
than those from Uzbekistan, which contain irregularly
shaped angular quartz and feldspar. These are generally
0.05-0.1 mm in size but frequently contain 0.2-0.3 mm, and
often more than 0.5 mm sizes grains. Also, fragments of
volcanic rocks, which include plagioclase of more than 0.5
mm long often appear. Glassy matrices, abundant brown
colored biotite and Fe-Ti oxides and calcite which fills the
voids are also perceived.

Stone paste samples from Bamiyan and Samarkand
consist from 80-90% of coarse quartz of 0.01-0.05 mm in
size, feldspar, biotite and a glassy matrix. Comparatively,
a sample of Bamiyan (BMY227) consists of larger sized
quartz than that of Samarkand.

The results of XRD analysis are shown on Fig.8. Quartz
and feldspar were determined as the main elements, and
pyroxene, diopside, olivine, Fe-Ti oxides and calcite are
also identified. Clay minerals cannot be detected as they
change to an amorphous body. Quartz is the only major
element in the stone paste fabrics (SMR10, SMR12,
BMY227).

From all the samples of Tashkent, quartz, sodium-calcium

feldspar, pyroxene and cristobalite were identified. Also,
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olivine, Fe-Ti oxides, calcite, chlorite and mica were
detected from some of them. Minerals identified in the
samples from Samarkand were almost limited to quartz,
feldspar and pyroxene. From the Termez samples, pyroxene
was found with quartz and sodium-calcium feldspar, and,
from a few samples, olivine, Fe-Ti oxides and calcite were
found. Specially the samples TRM1, TRM3-TRMS5 were
characterized by the presence of olivine. Unlike samples
from Uzbekistan, pyroxene was found in a few samples
from Bamiyan. Calcite is common in Bamiyan and Fe-
Ti oxides also exist. Yellow clay (BMY-Y) and red clay
(BMY-R), which are the modern materials of building brick,
were analyzed for the comparative study. Quartz, feldspar,
calcite, chlorite, mica and clay minerals were observed.
Cristobalite formed commonly in the Tashkent samples,
but not in those from Termez, Samarkand and Bamiyan.
Though mullite, which appears under the high temperature
firing, could not be clearly identified, cristobalite was
detected in the Tashkent samples and this proves Tashkent
wares were fired under higher temperature than the other

kilns.

X-ray fluorescence (XRF) analysis
1. Chemical composition of the fabrics

Table 2 shows the results of XRF analysis, which was
partly published in 2009 (Sasaki et al.). Major and trace
element data are plotted in Fig.8. Three stone paste samples
showed high SiO: content and poor amounts of the other
elements, which distinguishes them from the other samples.
These are not plotted in this table. Termez samples can be
divided by the fabric colors: yellow fabric group (TRM1-
5) and pink fabric group (TRM6-11). With the exception
of TRM9, which is supposed to have been produced during
the technical transition period of the 9th to 10th centuries,
those two groups are clearly divided from the others and are
plotted as a group.

Most of the fabrics have similar contents of SiOa2,
approximately 60 wt.%, although samples from Termez
are relatively low in silica. Compared by the FeO* and
MgO levels, Samarkand samples are poor in FeO* but
high in MgO, as some show more than 5 wt.%. Termez

samples show 4-6 wt.% of FeO*. As for MgO, Termez
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wares are richer in magnesia than Bamiyan and Tashkent
but poorer than Samarkand. Except BMY 174, all Bamiyan
samples show rich FeO* and poor MgO, and the result
almost matches that of modern yellow clay collected from
Bamiyan valley. Samples from Tashkent contain FeO*
3.8-5.3 wt.% and MgO 2.4-3.6 wt.% in average. K-O and
CaO show a similar frequency to all the samples, but in the
Termez samples it was clear that the yellow fabric samples
presented high CaO and poor K-O, and that the pink fabric
examples showed opposite ratios. Compared by the alkali-
elements (Na:0O+K:0) and TiO:, Bamiyan samples are
richer in TiO: than Uzbekistan, and the Termez pink fabric
is richer in alkali elements. However, unlike other Bamiyan
samples, BMY 174 showed different contents of K-O, CaO
and TiO2, which resembles the yellow fabric group of
Termez.

FeO*/MgO ratios in Samarkand samples are 0.8-1.4,
Termez is 1.2-1.5, Tashkent is 1.4-1.9, Bamiyan is as high
as 1.9-2.6 except BMY117. This suggests a difference
between the Uzbekistan and Afghanistan clays, with
Bamiyan’s FeO*/MgO ratio higher than Uzbekistan’s.
Generally, the origin of the AL:O:s is feldspar, clay minerals
and mica, and SiO:’s origin is minerals and rock fragments.
Because these contents are influenced by the quantity of
quartz, Al203/Si0: ratios change with feldspar/quartz,
with clays that originate from volcanic rocks showing
high ratios. As Samarkand samples show the Al.03/Si0O2
ratio 0.19-0.21, Termez 0.22-0.29, Bamiyan 0.23-0.28 and
Tashkent 0.20-0.27, Samarkand presents lower Al205/Si0-
ratio than the other area (Fig.8).

Trace elements also show locality differences. Except
BMY 174, Fig.9, which shows that Bamiyan samples
are poor in Sr content, rich in Rb, Zr, Nb, Co and Ni
contents, and high Zr/Ba and Zr /Sr ratios, compared to the
Uzbekistan samples. Modern clay collected at Bamiyan
(BMY-Y, BMY-R) presented similar main elements
compositions with Bamiyan samples, and by trace element,
yellow clay (BMY-Y) showed closer results than Bamiyan
samples. On the other hand, Tashkent, Samarkand and
Termez samples showed similar Sr, Rb and Zr contents.
However, Tashkent samples are characterized by rather

high Ba contents, and with some exceptions, low Cr and Zr/
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Ba ratios. Samarkand samples demonstrate high Cr contents
and Zr/Ba ratios, and high Zr contents. Termez samples
can be divided in two by their main components but no
disparity was found in their Zr contents. The yellow fabric
presents high Sr and low Rb, Nb and Co content. The pink
fabric presents high Rb and Co. The Rb content is clearly
different, but Zr/Ti and Zr/Sr ratios show similarity. The
two groups of Termez samples, divided by color, also group
by age. Nonetheless, all wares are presumed to have been
made from local clay.

Fig.10 presents Upper Continental Crust (UCC)
normalized multi element plots of fabrics from four sites.
Most samples present relatively common characteristics,
rich in Ca, Th and Mg, and with less K, Zr, Na, Rb and
Y. Instead, Bamiyan modern yellow and red building clay
reveals the difference of Ca, Na and Ba from UCC, and Th
data is extremely different from the Bamiyan samples from
the sites. As for the stone paste fabrics, except for a few
elements, they group clearly away from the other samples
for their poor trace elements.

2. Chemical composition of the glazes

The results of semi-quantitative analysis to the surface
of the glazes are shown on Table 3, with the exception of
glazed samples BMY 134 and BMY228. Determinable
elements are limited from Na to U and one needs to
consider the contamination caused by the fabric when
samples have thinner glaze layers. Element concentration
is expressed by wt.%. Samples are measured by the
Fundamental parameter method (FP), and the results are
shown by the elements symbols, not by the quantitative
value. Glaze, consisting of mixtures of silica stone, clay
and metals such as lead, is the glassy coating of the fabric
caused by the kiln firing. Samples can be divided in two
groups by the glaze color: monochrome (mainly green,
yellow, brown or black) and polychrome glaze. Most of the
glazed samples made after the 11th century are polychrome
with white slip between the transparent glaze and the fabric
(Sasaki et al. 2008). For analysis, the transparent-glazed
part on the white slip and the surface of the polychrome
glaze were targeted.

From almost all the glazed samples, typical components

of glass such as Si, Al, K and Ca, and some Fe and other
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metal elements were detected. The use of lead glaze
and alkaline glaze for Islamic wares are known, and the
existence of lead (Pb) in many examined samples supports
the use of lead glaze scientifically. Our study indicates that
Tashkent lead glazed wares presents very high Pb contents
(higher than 30 wt.%) followed by Bamiyan lead glaze
(c.10-20 wt.%). All the Termez yellow fabric wares (TRM1-
5), and pink fabric wares TRM6 and TRM9Y, contained tin
(Sn) together with lead, which suggests that lead-tin glazes
were used for the 9th century wares and also for some later
wares. From the samples TSK39, SMR1 SMR11, SMR12
and BMY227, Na and Ca alkali elements were detected,
and this indicates that alkaline glaze was used for the later
wares. Production dates of TSK39, SMR1 and SMR11 will
be the 17th century, stone paste SMR12 is unknown and
stone paste BMY?227 can be later than the 14th century.
Among Bamiyan samples, there are pieces that contain
zine (Zn) in addition to lead, such as BMY 13, 172, 223,
225,139, 148, 90, and BMY 124. Some of the samples with
lead also contain phosphorus (P), which can be caused
by secondarily created fine-crystal contamination on the
surface. There were samples which do not contain lead,
tin and alkali elements. Blue glaze and green glaze contain
copper (Cu), yellow glaze contain iron (Fe) and brown or
dark brown glazes contain Manganese (Mn) or iron, and

those elements reflect the color of glazes.

Discussion—features of central Asian ware

Tashkent, Samarkand, Termez and Bamiyan locate in
a line from north to south with about 270 km distances
between the sites. Geographically, these areas have similar
complicated strata of rocks. Through the microscopic
observation of fabrics prepared for thin-section, it was
found that a few volcanic-origin rock grains exist in the
samples of Tashkent and Bamiyan, but not in the samples
of Samarkand and Termez. This reflects the outcrop of the
volcanic rocks at the nearby areas of Tashkent and Bamiyan
and shows that the geology of Samarkand and Termez is
on the sedimentary rocks, but no characteristic minerals
or debris which specify the provenances were observed.
The result of analysis leads us to understand the difficulty

of finding geological features that can associate clay and
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provenances by particular minerals and elements, as is
seen Fig.10 and the thesis by Tailor and McLennan ‘The
Continental Crust: Its Composition and Evolution’(1985).

Glazed ware samples selected at the four archaeological
sites are mainly the wares produced in the 9th to the 13th
centuries with similar clays, decorations and techniques.
The results of microscope observation and chemical
compositions of these fabrics were similar, but minor
differences of chemical composition can be useful for
division into groups.

The composition of main and trace elements of the
Tashkent samples showed similar feature but TSK37 and
TSK39 showed difference from the other Tashkent samples,
which are low in A:Os content with high ratios of Sr,
Zr and Zr/Ti. By archaeological observation, those two
samples are considered to be later, possibly made in the 16-
17th centuries. This difference may suggest a change of
ceramic clay source according to age.

Samarkand samples presented similar results with those
from Tashkent, but are characterized by low ratios of FeO*/
MgO (0.8-1.4) and Al2Os/SiO: (0.19-0.21), and are rich in
MgO and Cr. Samples SMR1 and SMR11 resemble have
similar fabric and decoration, and showed similar chemical
composition with low Cr contents, as in the Tashkent
samples. Similarly with TSK37 and TSK39, which were
rich in Sr and Zr and had high ratios of Zr/Ti, these
Samarkand samples SMR1 and SMR11 which can be dated
to the 17th century, are possibly made in Tashkent.

Termez samples can be clearly divided in two groups by
the fabric color of yellow (9th century) with high CaO and
low K>O composition, and the fabric color of pink (10-
12th centuries) with low CaO and high K:O compositions.
Microscope observation shows the tendency of less brown
color minerals in the yellow fabric than in the pink fabric,
which suggests the influence of Iraqi opaque-white glazed
ware of yellowish white fabric. Yellow fabric samples
show clear differences from all the other samples in the
low presence of SiO2, TiO-, Ba and Rb. Pink fabrics shows
similar chemical features with the Tashkent and Samarkand
samples, but there is slight difference in higher Al2O5/SiO:
ratio (0.25-0.30) and in the amount of alkalis (Na2O+K-0)
and Co.
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Compared to the Uzbekistan samples, Bamiyan samples
present coarse and varied grain sizes of minerals and rocks
under the microscope. This phenomenon might be caused
by the difference of geological conditions, that is, Bamiyan
locates in the deep mountains, while the other cities locate
downstream. Chemically analyzed data also divide the
Bamiyan samples from the other samples with less Sr,
rich in Rb and Zr, and high ratios of FeO*/MgO (1.9-2.6),
Al205/Si0:2 (0.23-0.21) and Zr/Sr. BMY 174, the opaque-
white glazed ware with yellow fabric is exceptional among
the other Bamiyan samples, which show a red fabric.
Chemical composition differs also, and it resembles that of
Termez yellow fabric (TRM1-5). From this fact, it would
be possible to presume that BMY174 is 9th century Termez
ware, transported to Bamiyan where glazed ware was not
produced. Other analyzed Bamiyan samples matched to that
of modern yellow clay and red clay, so it can be concluded
that Bamiyan wares were locally made using the clay in the
Bamiyan valley (Sasaki et al.2009).

From the results of chemical analysis of the glazes,
samples can be divided into three types.

Type 1. Lead glazed ware. This type was commonly found
and includes all the Tashkent samples except TSK39, all
the Samarkand samples except SMR1, SMR 10, SMR 11,
all the Termez samples except pink fabric TRM7, TRMS,
TRM10, TRMI11 and all the Bamiyan samples except
BMY226, BMY227. The result of simple quantitative
analysis indicated that the lead content in Tashkent and
Bamiyan samples is rather high, comparatively, and
Tashkent samples showed an especially rich lead content.
High ratios of lead cause low melting points and lower kiln
temperatures. Mason and Tite mentioned in their theses
(1997) that the ratios of lead content in the glazes changes
according to the period and place in the 9th to the 12th
centuries. The difference of lead contents in our samples
may be also reflect changes in time and place.

Type 2. Lead-tin glazed ware. Termez opaque-white
glazed ware and green glaze decoration on opaque-white
glazed ware with yellow fabric (TRM1-5), green glaze
decoration on opaque-white glazed incised ware with pink
fabric (TRM6) and green glaze decoration on opaque-

white glazed ware with pink fabric (TRM9) are included.
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Chemical analysis to the fabric of BMY 174 showed
resemblance to that of Termez lead-tin opaque-white glazed
ware with yellow fabric; tin was not detected in BMY 174’s
glaze. The lead-tin opaque-white glazed ware is considered
to have been made in Iraq, or Mesopotamia from about the
9th century, and the glaze spread to the nearby area in the
10th century and was also copied in central Asia (Sasaki
et al.1993. Sasaki 1993, Mason and Tite 1997). Termez
samples (TRM1-5) of lead-tin glazed ware with a yellow
fabric are archaeologically considered to be of the 9th
century, and these samples prove that the lead-tin glaze had
been used in central Asia in the 9th to 10th centuries. TRM9
was archaeologically dated to the 10th century but features
of the fabric resemble that of Termez pink fabric group,
dated to be from the 10th to 12th centuries. It is considered
that lead-tin glazed ware was made in Termez using local
clay in the 9th to 10th centuries, and BMY 174 was possibly
made at Termez in the 9th century, before the lead-tin glaze
became popular.

Type 3. Alkaline glazed ware. Alkaline and alkaline-
earth elements (Na.O, CaO) and MgO were examined
from TSK39, SMR1, SMR 11 and SMR 12. Those are the
later samples and the result of chemical analysis to the
fabric showed slightly differences from the lead glazed
wares. Although alkali elements cannot always be detected
because of its efflux from the glaze caused by natural water
effects, the use of alkali glaze may start later in central Asia
than in Mesopotamia.

In central Asia, the production of glazed ware seems to
start during the 9th century. The prototype of central Asian
glazed ware is assumed to be the 9th century Mesopotamian
opaque-white glazed ware, and green glaze decoration on
opaque-white glazed ware, which were found at the Samarra
site (Sasaki 1995), and known to have been distributed
widely, even to the area along the Arabian Gulf (Sasaki
1996, Sasaki et al.2000). The samples of the 9th century,
TSK32, TSK 33, SMR8, SMR9, TRM1-5, BMY 174 were
examined. Fabric analysis shows that Termez yellow fabric
(TRM1-5) and Bamiyan (BMY174) are similar, but Termez
pink fabric (TRM9), Samarkand (SMRS, 9) and Tashkent
(TSK32, 33) differ from each other. Data show similarities

among the pink fabric group, but main elements ratios of
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FeO*/MgO and Al:05/SiO-, and trace elements composition
differ at each place. Glaze analysis showed the existence
of lead-tin glaze only on a Termez sample, while the other
samples were lead-glazed. Termez samples of opaque-
white glazed ware, and green glaze decoration on opaque-
white glazed ware, are commonly found at the sites in
Termez, and these Termez wares show slight differences
in their opaque glaze and fabric colors to wares found in
Samarra, so these Termez wares seem not to have been
imported from Iraq. Compared with major element fabric-
analysis of Iraqi and Egyptian wares found at A’Ali in
Bahrain (Sasaki et al. 1994), Iraq (Wood et al. 2007) and
Fustat in Egypt (Shinmen et al. 2010), Termez yellow fabric
samples resemble these data on their contents of K20 and
CaO, but are obviously different on their contents of SiOz,
MgO and TiO: and FeO*/MgO ratio (Fig.11). These data
also prove that these Termez ware are not imported from
Iraq. However, the samples analyzed by Wood are the Iraqi
cobalt-decorated opaque-white glazed ware of the 9th -10th
centuries and the samples used in the thesis by Shinmen
are the 10th century Iraqi luster ware found at Fustat. The
opaque-white glazed ware and green glaze decoration on
opaque-white glazed ware are different types from those
samples, even though it presents similar fabric and glazes.
For further research, comparative analysis of the opaque-
white glazed ware to the Iraqi and Termez wares is awaited.
It is presumed that mainly bowls and dishes of opaque-
white glazed wares, including green glaze designed opaque-
white glazed ware, were introduced from Samarra to central
Asia, but it is possible that Termez may also have been an
early production center of this glazed ware.

Stone paste is quartz-based, and it shows quite different
features from the other fabrics, being rich in SiO2 and poor
in trace elements. Samarkand sample SMR10 is slightly
poor in alkali elements (Na20+K-0) and richer in Cr than
SMR12, but both show almost similar features. Compared
to Samarkand samples, Bamiyan sample BMY227 has
features that are rich in SiO2 and poor in Al:Os, CaO,
MgO and Ba, which shows the difference between stone
pastes according to their excavated places. The glaze of
SMR10 is not identified, but the two others are alkali

glazes. According to Tite who analyzed the 14th century
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Samarkand stone paste wares, Samarkand stone paste
can be divided in two groups, one with coarse grains,
rich in SiO:2 (92.9 wt.%) and poor in alkali contents
(Na:0+K20=2.2wt.%), and another with fine grains, poor
in SiO:2 (average of 2 samples 82.3 wt.%) and rich in alkali
contents (average of 2 samples Na:O+K.0=4.4wt.%) (Tite
et al. 2011). SMR10 and SMR12 bear fine quartz grains
(0.05-0.10mm), and SiO: is 83.2 wt.% and 82.9 wt.%
respectively, while the content of alkali elements is 2.3
wt.% and 3.6 wt.%. These data suggest that Bamiyan stone
paste is similar to Tite’s poor SiO: group. BMY227 bears
rich SiO: but, as its chemical features differ from Tite’s
rich SiO> Samarkand group, it may have been imported
from another area. It is pointed out that stone paste contains
higher quartz at the later periods and bears richer SiO: (Tite
et al. 2011).

Very rare wares excavated in Bamiyan (BMY13, 167,
172, 222) are estimated to be from the 11th century.
BMY 188 and BMY224 are also included for examination.
These are characterized by low contents of CaO, Sr, high
contents of Al:Os, TiOz, Rb, Zr, Ni, Co, and high ratios of
FeO*/MgO, and clearly divided from Termez, Samarkand
and Tashkent. Although BMY 13 and BMY224 show
similar contents of SiO. and CaO with that of Uzbekistan,
Bamiyan, trace element composition resembles Bamiyan
modern yellow clay (Fig.8,9). Except BMY 174 which is
supposed to be from Termez and these very rare samples,
the rest of the Bamiyan samples plot close to Termez and
Samarkand. This suggests that these very rare samples
resemble those of Termez and Samarkand wares in glaze
and decoration, but are not imported from Uzbekistan but
are locally made wares, using an influenced technique
from the Samarkand area on the local fabric. However, the
possibility of importation from the east of Iran to Bamiyan
cannot be excluded, so further study of the Bamiyan clay
and a similar type used for east Iranian ware is expected.

According to Tite (2011), who published the analyzed
data of the 8th to 14th centuries Islamic wares from Egypt,
Iran, Iraq and Syria, alkali glazes and alkali-lead glazes are
often applied to the quartz-based fabrics, while lead glaze
is commonly applied to the calcium-rich fabrics. Samples

of our central Asian sites are mostly low in SiO: content
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and rich in calcium in their fabrics and lead glazes were
used on all the wares. The Silk Road actively connected the
east and the west at the time of the 10th century, and as a
result, knowledge could influence technical development on

decoration, but the manufacture itself continued locally.

Conclusion

Chemical analysis of glazed wares found in Egypt and
Mesopotamia has been actively studied, but the systematic
analysis of glazed wares found in central Asia has been
somewhat lacking. This paper aims to understand the trade
conditions of glazed wares in central Asia, using chemical
analysis of 65 samples, collected from archaeological sites
at Termez, Samarkand, Tashkent and Bamiyan. As a result,
although the wares are technically similar, it became clear
through chemical analysis of fabric and glaze that wares
from each production center all showed different features.
Very few wares were imported from other areas but were
instead copied with locally made wares. The technical
differences established indicate the date of production. For
example, Iraqi opaque-white glazed ware with yellowish
white fabric became fashionable at the end of the 8th
century to the 9th century and central Asian countries
copied the Iraqi ware with tin oxide opacified glazes that
replaced the earlier quarts-based glazes. A yellow fabric
with a lead-tin glaze is the early manufacture, and then the
clay source and the kiln temperatures change to created
wares with lead glazes with a pink fabric. Thus, science
reveals the invisible historical conditions of the Silk road,
whereby, central Asia and Mesopotamia were connected
closely by knowledge, but the commodity itself seems not

to have travelled so far.
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Figures

Fig.1 Location of Tashkent, Samarqand, Termez and Bamiyan.

Fig.2 Samples for analysis from Tashkent, Uzbekistan.

Fig. 3a,3b Samples for analysis from Samarqand, Uzbekistan.

Fig.4a, 4b Samples for analysis from Termez, Uzbekistan.

Fig.5a, 5b  Samples for analysis from Bamiyan, Afghanistan.

Fig.6 Crossed-polarized Photomicrographs of ceramic sherds from
Tashkent, Samarqand, Termez and Bamiyan

Fig.7a, 7b  Photomicrographs of ceramic sherds from Tashkent,
Samarqand, Termez and Bamiyan (LEFT plane-polarized light.
RIGHT crossed-polarized light.)

Fig.8 Major element variation diagrams of ceramic sherds from
Tashkent, Samarqand, Termez and Bamiyan.

Fig.9 Trace element variation diagrams of ceramic sherds from
Tashkent, Samarqand, Termez and Bamiyan.

Fig.10 Upper Continental Crust (UCC) normalized multi element
plots of ceramic sherds from Tashkent, Samarqand, Termez and
Bamiyan. UCC values are after Taylor and McLennan (1988).

Fig.11 Major element variation diagrams of ceramic sherds excavated
from Bahrain, Egypt and Iraq. Data sources are after Sasaki et al.

(1994), Shinmei et al. (2010) and Wood et al. (2007).

Tables
Table 1. X ray diffraction data summary of ceramic sherds from
Tashkent, Samarqand, Termez and Bamiyan.
Intensity: O major; /\ identification; X minor.
Mineral name: Qtz - Quartz; Fld - Feldspar; Px - Pyroxene; Ol
-Olivine; Fe - Fe-Ti oxide; Cal - calcite; Crs - Crystbalite; Mica -
Mica; Zeo - Zeolite; 111 - illite; Chl - Chlorite; Clay - Clay mineral.
Table 2. Major and element compositions of ceramic shards from
Tashkent, Samarqand, Termez and Bamiyan. FeO* is total iron as
FeO. n.d.: not determined.
Table 3. Chemical composition of the glazes from Tashkent,
Samarqand, Termez and Bamiyan.
Concentration: © >30 wt.%; O 10-30 wt.%; /\ 5-10 wt.%; X 1-5
wt.%; — minor.
Color of the fabric and glaze: 1.p - light pink; p - pink; Ly - light
yellow; y - yellow; r, - red; w - white; b - blue; br - brown; g -

green.



