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1. IC»IC

NTTT V2l ROXUITVIEETIALE T 5 Ganges-Brahmaputra-Meghna (UL T GBM)
TEIE, REREOWNI—F v 2 HEFRE D DR S VTRV IRE T KIE  (SGW: Kl T 7K)

(BB~ 528 t)  (MUT/KAL 150m LAk (mbgl)) & RERA/KE(DGW: TRMEH T K) (e
~RRMBORTIE) (1 F/KAZ 150m LAER) 234349 %  (Shamsudduha and Uddin, 2007) (K1) .
N T TT 2 alTRVTHEFKIL, 1960 4R 5 1990 4RI AT THICEIK, A1E K. HERE
A E LTl & T & 7= (Burgess etal., 2002;Ravenscroft et al., 2005; Shamsudduha etal, 2011) ,
L2 L, 1993 AR HE T /KIZIR W T FSFE AL S, 1990 FARTITITEFERIC b #3Hit
SIVHG SN T 7o RKDOBEHE D EE L < 72 > TV % (BGS/DPHE, 2001;Ravenscroft etal., 2005) .
NTTTvam 64 HIKD S, 53 MIKOM FAKIZ AT F7 2 21285 28EKICE £
%t FEORUEE(SOug /L)% EEIY . 60 #IX T/ WHO DA RT7 A4 s &hb 10pug/L % E
[l Tz (BGS / DPHE, 2001) . & LIZHAE, T /V X {RROK) 84% L LOHTIT e FD
TEYLINIRDN - T D & FIRHCEREH TAKDIIRE S EH LTV D Z &2 b, £ OHIOBIKL
WAREDEZE L Tvd  (Mainuddin et al., 2014 ; Worland et al, 2015 ; Naus et al., 2019)  ([X] 2)

(X3) , £z, ABFELEENC X DimE AL > TEHIZETHZ L b TRINTED,
LK DAL & S35 (Khanetal., 2011;Majumder et al., 2019), L 72235 T, HoEEN
< 2L SNHMEIKE LTHREZRAKIL, RITEEHOM T KICHE->TEY, Db T
AR I W TENB K & - THERERTKE & ERIIC 3 T % (DPHE-APSU-JICA,
2006; Mahmud et al., 2017; Lapworth et al., 2018) , ZEHF ORREIL, b FELPH/AKIITKE L TR
SHLTODOAT gL TEZLILTET (Burgess et al., 2002; Ahmed et al., 2006;
Ravenscroft et al., 2013; Johnston et al., 2014; Knappett et al., 2016; Shamsudduha et al., 2019), 2009
FFE THAL R E~ORBEZZEE T, K 165000 O/NEREROENSTHFER L 7 033%E S
TX 72 (Johnstonetal.,2014), & HIZZ &I BT D 2 & DS ATREZRVEF T AN DX G ©
b D7 N EE T EE AT TR E X 4TV A (LGED, 2005; Burgress et al., 2010; ADB,
2011; Shamsudduha and Burgess, 2019) (X 4) . BE, B+ OHEAF T s LOHEAKRLOR
BN DM I ERE S TER Y (Ravenscroftetal., 2013) | TEENH /K E H OH K DHI 80% 03 [E
WG ST D (Burgess et al., 2002; Taylor et al., 2014; Edmunds et al., 2015) ., 3% 5 < [EHN
DOEIK D IR IE, 5% bIEREH T KNGS NS EE X 5T\ 5 (Burgressetal., 2010;
Ravenscroft et al., 2013; Lapworth et al., 2018), L 72>L. —¥DHIIZI W TIEL Z OFEEH /K EIX
VUKERIFHAKATHL Z & bbb T2 (LGED, 2005; Halim et al., 2010; ADB, 2011; Rahman
etal., 2011; Hoque and Burgress, 2012; BWDB, 2013; Zahid et al., 2016; Ravenscroft et al., 2018; Sarker
etal., 2018;Islam etal., 2017; Islam et al., 2019), /N> 7 T F ¥ a2 DT /X IEERICB W CTIE, HHk
EADEROIE & HIRPBHE Th HICHDL 6T 21U T 2 5E61IL £ 7245 T,
Flo, BHUIEOT IV Z OFAEFE (Umitsu, 1993; Goodbred and Kuehl, 2000;Allison et al, 2003) .
HEREEOZEE (7 & 21X Shamsudduha and Uddi, 2007) 72 &y HIEIZ B9~ 2 W90 b BI5GB
9 5HF%E (Hoque etal.,2014;Ayersetal.,2016) [ZOW T, FNENATHOILTWNDA, HFKD
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HWAKEANT m 2 LM - WIEFE (HH#E) OBRIZOW TG L72WRZEBliT b2, KE
R KIS X OVRIE H R OK DEKEA DI, £ O & #ig - #IE & OBRMER EnbA L
THRT 2 Z L3, FERICD T - THEUNSEBIK DMK O FKEH 2 LTV ETEET
bbb, £ T, AETIE, N7 77V ainBROMEE GBM 7 /L Z 2B W TKRE ST
F ORI, A s L OB T IZ X - CRE B L ORI TR OHEARLOERF L
ZOEADIEREZ M - #IF, ANBRIERN & OBIFRR EERET 5,
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1 a) Study area, b) Conceptual diagram (not in direction or horizontal scale), showing generalized
groundwater systems in the southern Ganges-Brahmaputra-Meghna Delta (GBM) of Bangladeshwith their

prevailing issues.
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4 Spatial distribution of chloride (Cl) concentrations in DGW (n=25,966) from central to southern
parts of Bangladesh. Data sources are written in the caption of Figure 1.5. Cl- concentration ranges based
on Stuyfzand (1989)’s classification (Fresh: <150 mg/L, Fresh-brackish: 150-300 mg/L, Brackish: 300-
1,000 mg/L, Brackish-salt: 1,000-10,000 mg/L, and Salt: 10,000-21,000 mg/L).

2. BRFEXRHIK
N TTTvab Ay RO HIVIETIALE T 5 Ganges-Brahmaputra-Meghna (GBM) 7 /L

%1%, Ganges JI|, Brahmaputra JI|, Meghna JI| X - TFIZJE Ak E 4172 (Shamsudduha and Uddi, 2007)

(45), AL, SRZBOE LR LA LRDIBRE L A—RBEICR L, FHilC Lo
TN OPEIFZAL LERFEH RO 80%1%, £ A— 2 ORI S % (Shamsudduha et
al., 2007), ZAUTE L A—WRT, K 300 TILS 7 4 — N OKEDR T VX A i)l
BT L2 & UTHBEL T D, — 75, IO FtE 23 fEFp 250,000~300,000 S5 7 — R ET
TMDHEZRL, WP EBT 50D 5 g7 L4 & 72 %  (Bhuiyan and Dutta, 2012;
Rahman et al., 2000; Zaman et al., 2017).,
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5 Location of the study area in the Ganges-Brahmaputra-Meghna (GBM) delta of Bangladesh. Digital
elevation model (DEM) of the GBM delta from NASA/METI/AIST/Japan Spacesystems, & U.S./Japan
ASTER Science Team (2009). It also includes locations of three Global Network of Isotopes in
Precipitation (GNIP) stations (IAEA/WMO, 2020), Mawmluh Cave, Meghalaya, India (Dutt et al., 2015;
Berkelhammer et al., 2012), Khulna climate station of Bangladesh Meteorological Department, and
river/surface water station (SW241) of Bangladesh Water Development Board. Paleo-coastline from Grall

etal. (2018).

AHITN 1, O OWE IR FHINZ 2> D TOWJINC X W R S iz 2 S OMER AT 5
(BGS/DPHE, 2001;Hoque et al., 2012, 2014) (X 1a), Z D%, /K _EHIZ XY 7000 Fqi7lC
BUTE DR MR O ) 150km NEEE THARAL Tz EHEE I TS (Allison et al.
(2003) ;Shamsudduha and Uddin, 2007; Grall et al., 2018) ([X] 1a),

JEPEERICHY 15~20m O FEH IR SN B A DA L, FEEBICITEERN 1~2m O
RIS 3A LTS (M 1a) . £72 2 OHUIR T, K9 2~4mm THUEIE T LTV % (Goodbred
and Kuehl, 2000; BGS/DPHE, 2001; Shamsudduha et al., 2009; Haque et al., 2011, 2014), GBM 7 /L' %
DOIKHEME T, AR EFE O — T /1 & HEFEM > DGR S 2 B K8 (1% 1 5 i~ 5 7 1)

(Mt AL 150m LAV (mbgl)) & PRET KRS (REHT~ 551 508 H) - (MR KNGZ 150m LAR) 7357
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fi4 % (Shamsudduha and Uddin, 2007) (X 1b),

3. WFRFE

AWFFETIL, BIMFH A & MBI PRI AT GEAERGY T, RRCARGIAT) © #EEH0HT. B8 KON
— VT TF—= W BT a8 2 o7,

3.1 Bl

AR NVPEEIALE T D GBM T4 EiZdh 5 7 4+ (K1) 12T 2019 4 10 A F TIZERK
BIOKEHEEZBZ o7 (M6) 7B, 2020 FETAEASHEHRIC L v FEMN TE P, B0
T K TR E OB 2 T 5 Z LN TE R o7, BT, pH AEE G
(D-54, Horiba) # M\ T pH B L OESRI=EFE (EC) ZHMIE Lok, & 247 7 (GREBHK
J& (n=166) HHBH/KIE (n=81)) DOMITKZEI L7 (7)., HFDOAZ U —ET, R
THIE RN D 155~476m(bgl), EETHI 15~146 m (bgl) TH D, WL, LIcEEH L
FERF 7, BHAFEICTFENR 7 TH 5,

ARG (Si0,, Cland Br) 38 JOYZERNA (380 and 8°H) DD 72diz, FHF1 D
KV T N% 30~50 ml DR Y =F LR MUVIE LT, S 512, Z VT T 6 22T
BB (284-296 mbgl)k L ONEERH KJE (32~64mbgl) DOIHFNLAF 36 o TV EARRL, &
FRLERNME (8°C) 5 L OWSERINLAR (CHand '*C) O 43#HTH & LT 250 ml 33 £ O 1000 ml
DAY =F L 2R MU LTz, BEERNE D 7V 2R T _CToV 7 mE, v
UL T 4 NE—TAHIBBIIE LT,

#10~15 ZMFHF KD M EZHD RO, KEUERS IOV 7Y v 7282725
oo VEFRIEREIRSE D (iR & LT AT 20 %P <72 Iz KER{k) R U o A (NaOH) T
RSN IBCBINUC U TN ZBRNT, T XTOY VIR L THRE LT,

[Xl6 : Water quality testing (a) and water sampling (b) in the field.
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[X|7: Maps showing the study area with paleogeographic settings (Hoque et al., 2014), water sampling
spots, geochemical transect zones, and the paleo-coastline at the time of the last marine incursion (Grall

etal., 2018).

3.2 BRSO
BUHNT TERAK L7 R AR DY o 7 U3, LU OB Totris KOk a2 B e o 72,
AT 00T - ORI BB B o A 7 AJF9E2E(HCOy, SiO», CI, and Br)
HORLRY BRERTE 22— (ClL)
LEFNLR © BT RFHIEBREE OV A 7 AHFIEEE,
FERFT A Y b—TEREEREEE &2 —

RFLERNAAR (3°C) 3 X OB RN CH) @ (BF) HiERFBF20F5eiT

HHPERINEAR (4C ) : Beta Analytic f: CK[E)

TV ) FEIIEREE R EIRIZ X o THIE L, HCOsJRFE I LU 7= (Clark and Fritz, 1997; Kusano
etal,2014), SiOy 1%, A¥itEZ AW/ A€ Y 775 VgL (APHA, 2017) LV REZEBZ
7257z, CI" & BriX. Dionex Integrion HPIC (Thermo Scientific, USA) % fifi 2. 7= lonPacTM AS18
717 2 )% O Dionex DX-120 (Thermo Scientific, USA) Zfifi 272 ASI2A 77 LA&fEH L TA 4
rua~< 7771280 58 L7z (Clark and Fritz,1997;Khalil etal., 2015), &0 ¥ X' &H IZ,
TEEARE R R AT Yy v BT 1 U U T X 0 53 HE(WS-CRDS, L2130-i and L1102-i, Picarro
Inc., Santa Clara, CA, US.ANZ X - THIE S 7z, S13CIREIX, o7 Ao DIC &V UL
DIIGIZ X > TERENTZ CO 20T 5 2 Lick 0, RMALERESHE 2 A L CHlEL
7= (Kusano et al., 2014), K% > 760 3H X, BN (Clark and Fritz, 1997; Kusano
etal., 2014) L7=f%ICiRIk> > FL— a4 (LSC; LBS, Aloka) 12X THIE S,
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FERITK 03 FU FULAORBHEIIRE & HIC Y F 7 AHAL(TU) THE L7, PR SR (140)
DY TNT, F T DRNNRGE BONTEEE (AMS) ([CXk-> Ty 7774 &=y FTH
7E L7 (Kusano et al., 2014; Lee et al., 2016), Z A5 DOFERDOENIIL, /S—Fk L b X H—iR
> (pMC) & LT#ELT,

3.3 ZEEMT

O —# 1%, Minitab 19 #FHE2HEH L CTH o 7 AOREROI2DIZMEE 7 7 2 % — 55341

(HCA). FEMG5#H (PCA). BELUR T (FA) 12X REHIT 24TV, KTz sy
¥ LT=, Hricid 7 >0% % (pH, EC, Cl-, HCO3-, Si02, 5180, and 82H) MMEHTIZH 472,
EC MOMAWIRE DL, S8 % /N NRIZINZ . SMVBE DB 2 8 5 372 DI s # LTz

(Qian et al., 2007; Templ et al., 2008), 7 7 AKX —/3#1iCiL, g2 7 A% —0 Ward % H
T, FHREORRRE L LT~y X U HEBEZE A L7c (Strauss and Maltitz, 2017) , K147
Bricix, it X OV v v 7 A [RERO LR iED A S4L7- (Suk and Lee, 1999; Giiler et al.,
2012) . [KI 7400, BEAE 1 &0 RE VI A P —FHEIZ IS\ TR L 7= (Liuetal., 2003; Dragon,
2006) ,

3.4 HUEfEAT

AR Hitdek D /K LV REE O W 2 235 DR — Y > 7 F — & & W TER LTz, AR T,
NEEN TV DRI AREZ: 3,946 OR—V /T —2ZRE L, TNOLEMERTY 7 b U<
7 T& % Rockworks [IZAJLTCAR—Y V7T —HR—ABEE LT, ZOT—XX—Z%H
THEEOWrE X 2 ERk LT,

4 FERLER
4.1. 340 TR Rl D R

LUFIZ, R TR X OB FK O OREIZ D\ TENENE 1 ITRT,
4.1.1 EEHTA (DGW) DFHEK

TRIEHL /KO pH BT 6.8 725 8.5 T, IZFHHENST A VEZ IR LTz, EC B XU LY
AT UPRENRRENANRY FAPTEEERINLTEBY . TZE1 536~8,900 pS/cm 35 JL U8 2~2,532
mg/L OFiPHCTZIb L7, HCO;. BELW SiO, 1%, £ £ 250 mg/L~1,305mg/L, 15~54mg/L
TE(L L7z, Br BT 0.03~8.1 mg/L O#PHIZH H(F 1), Cl-/Br E/LELIE, WEKOMEIZIT
1R K TREBSY A3 1,000 Kiili T D Z & 0375 72(655+4, Alcala and Custodio, 2008) (5 1), %
EFRNARDIEIL, 2372 0 IEVVELPHZ 78 L72(8 180:-6.7~-2.7%033 K OV § 2H:-45.2~-14.5%0), 1%
ZERNLAR (8 13C) OREEIL, HHRAIPRHIFA(-8.4~-6.7%)Z 040 L. BURTERFIRE (MC)
1379 775 17.5 pMC TEAL LTz, F723H OZEEIIM M RA(<0.3 TU)Z FEIS X 5 IZHIE LT
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3% 1 Descriptive statistics of groundwater compositions in the study

Deep groundwater (DGW)* Shallow groundwater (SGW)®
Indices | Units
Min. | Max. | Avg. | Stdev. | Min. Max. Avg. | Stdev.
pH - 6.8 8.5 7.7 0.4 6.6 8.0 7.1 0.3
EC uS/em | 536 8900 | 2034 | 1489 812 9260 | 3126 | 2269
Cr mg/L | 2.0 | 2532.3 | 495.6 | 492.1 3.8 3110.6 | 797.3 | 853.5
HCOs™ | mg/L | 250.0 | 1304.9 | 415.8 | 105.9 | 280.5 | 1243.9 | 588.1 | 184.2
SiO mg/L | 15.0 53.5 29.9 7.1 23.0 65.5 40.6 8.6
30 % | -67 | 27 | 37 | 07 =17 3.2 -5.0 1.0
H %o 452 | -145 | 214 5.5 =527 | -17.8 | -32.8 7.1
Br mg/L | 0.03 8.14 2.13 1.76 0.03 8.87 2.20 2.33
CI/Br | molar | 557 912 733 54 647 2853 827 310
s %0 -8.4 -6.7 -7.6 0.7 -15.6 2.3 7.1 8.1
“co | pMC | 79 | 175 | 1301 | 33 | 357 | 824 | 523 | 190
*H TU Below detection limit (<0.3) Below detection limit (<0.3)

BT ROV 7k, Sk & dil g (interfluves) T/KE F L OV E RIALAFH K

-
—

HREZRDEND DD Z Lo T2 (X 8 BE UK 9), rfit & s Z F5 1T 2 TR it T K3 i ]
U e~ THAE A A (CF) BROZ@IE T 3 (Si0) 23@&E <. pH 3B L VHCO:. K<
v ETELERAARE™0 and PH)IE, KON E WD ZENRPH LN R o7,
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8: Box and whisker plots showing variations of paleo-channel and paleo-interfluve groundwater

compositions. DGW:deep groundwater, SGW:shallow groundwater, pi:paleo-interfluve, pc:paleo-channel.
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X 9: Variations of deep groundwater (DGW) compositions in the paleo-interfluve and the paleo-channel

areas along the west-east traverse. See location of transect zone in Figure 7.

4.12.&%BHTK (SGW) D

EEH T KD pH I 6.6~8.0 TEL L., ZHUFIEFENLT A VETHDLZ EE2RL
TW5 (T, FLEBEBHTAKTIE B LZZERMAE (BORBLUSH) &bl oy
R (EC BLWCl), HCOs & Si0, & b2 EAMHMZ R L7z, EC BL U CIREIL, 812~
9,260 uS/cm F L N4~3,111 mg/L TZAL L, HCOs and SiO, 13 280~1,244 35 L 10 23~66 mg /
LThd, £/, BriffEi£0.03 705 887mg/L ETE(L L (FE 1), FLAEOEREH T KD
B 7 Vi, 1,000 Aii (647~983) @ ClI/BrE /Lt Z 7~ L, 1,000 i 2 5 E /L (1,054~2,853)
ZRTARAKRFHFTIRIZERNZ Lo Te, ZERNRIL, ENEIN—7.7~—3.2%(3'%0)F &
V-52.7~-17.8%(FPH)DHIPA T - 72, 3H RE HRHIRA (<03 TU) K CHRIELZZ (£ 1),
o2 L, WM KT, §8BC (-15.6~+2.3%0) L UNMC (35.7~82.4pMC) DR LN =\ Vil
NG ENRTHWE (F1), BEHT KO 7T, EE#TKRD X 5 7225k &bl i
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channel areas along the west-east traverse. See location of the transect zone in Figure 7.
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X 11: Dendrogram with an imaginary line showing seven clusters.
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JEH T KDMESR 2 7 T A —F, ZTNENRR ST BN Z— v ZRm Lz (M13~14) . C-1 8
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13: Spatial distributions of deep groundwater (DGW) dominated clusters a: C-1 and b: C-2.
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[X] 14: Spatial distributions of deep groundwater
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Legend
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15: Spatial distributions of mixed and shallow groundwater (SGW) dominated clusters e: C-5 and C-6,
and f: C-7.

4.2.2. AFoHr

KM 3 e Zebiv, 2 >OERFBIMB S (F2) . B R TIE. DBOK 45%%
I L., SiO, & HCO; DIEDRE A fif, ZERNAL pH OAOKFARICEE L, F K
FIIEDK) 33%% 5D, EC & ClImWADARTEZA L, pH & & RN ARIZTIIED AR
L, 2 00FRFMDO 7 v 27wy N&2E 16 1277, WEH IR (DGW) MMESR 7 5
AL —(C-1, C2, C3, BLOV CHIFFEIZFE R TFOAICT Ty hINT=h, EEHTK (
SGW) MMEZR 7 T AL — (C-7) BIOWRAHTKZ FA%— (C-6) IZEDAIZT R v k&
Niz, C-5 DREH TAKY 7L, DGW & SGW BWEESR 7 T A X —Dfic7 v b &z
o Fo, B /T OHENIIR ST, 32007 T ALZ—(C-1, C2, BIORCHBEIZIEMIZT 7 v
F &AL, C3, C4, BV C-6 BAMIZT 7y hENiz, CT OV T VITIEM E AR O )T
W7y h I,
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z2:

Loadings of Principal Factors and Communalities

Variable Factorl Factor2 Communality
pH -0.717 0.431 0.699
EC” 0.278 -0.926 0.934
Cr” 0.060 -0.956 0.917

HCO5 0.710 0.084 0.512

Si02 0.829 -0.108 0.699
5180 -0.814 0.411 0.832
&°H -0.834 0.422 0.874

Variance 3.1454 2.3218 5.4672

% of variance 0.449 0.332 0.781

*Data in logarithmic forms.

Second Factor (33% of variance)

DGW dominated

Mixed

S5GW dominated

First Factor (45% of variance)

4

16: Distributions of clusters in 2-D cross plot between first and second factors. Note: black solid lines



indicate the loadings of variables (pH, EC, CI', HCOs", SiO2, §'%0, and §’H). DGW: deep groundwater,
SGW: shallow groundwater.

4.3. JKBLHNE ARAT

ARHUE O T2, KHEKHER (~117-18 ka BP) DY /KUEIS FHICE L SR EMEHIC L W
% S A7z T R e & i (BRFTAY) (BGS/DPHE, 2001; Hoque et al., 2012; 2014) 23 FE L TV
HZEBRMLNTND (K1), F i@ of 7ka BP 121X, Ak Uiz X 9 (ZHLEDOE 74
ﬁ%%nwmxW%i?ﬁﬁ@ﬂbfwt:&ﬁ%ﬁénfwé®MmM®Mmmmm2Mﬁ
Grall etal., 2018), FREIZWIIE X O D Z O MR O M & HiK 8 ORIz >\ Tk 5,

43.1 HEFERE DR

A TIX, Z2EOR—V > 7T =20 b L O/ R m O MER X 2l Lz, =
Tk, REMWZR 3 SOMEREM A RS (K 17), 3 > OB e sk ofm . (X
17a) BEO, HIREOB > 72WrmE (X 17b) . FEE2 5 ALHE TOHK) TkaBP OV FHR I AT
T oW (M 17¢) ThH D,

AHU O SEFT DO HUE ORFEUL, AL BT e BN HUHANZ 22> TEL 72 2WE O
TNE H FITJER L TEY . TORBIITLEER EOHRIM L B2 b DR /2 ManiZ
DHUIRARITIRIE L TV D (K 17a~c), ALEITRYEHEREM MBS T 2 DI L, BRI IR
T/ FRWREHRICEEL TE Y, ZD ORI T m~100m LA k& 72> T4 (DPHE-
APSU-JICA, 2006; Shamsudduha and Uddin, 2007; Mahmud et al., 2017), £7=, i/ [EHIE O Hi%
mid LGM #HCESIME N LW e/od, B b Lk L7, Bk L= AR a0 EICRVes L
DO+ (McArthur et al., 2008; Hoque et al., 2014)3-50 m~-75m i A 5= (X 17a
BEO ), i, fERTi — B HERE) iAok Gt oHEREIcE
biIvTW 5, NLOREFTHE— T O EHEREY) & EEEUHT o iy EHERE O RS /2L B
JER L SOMRIZHAAT DR A b2, ZAavbiE, BEFEAFE T b H5HH S 41T £ 72(BGS and DPHE,
2001; Shamsudduha and Uddin, 2007; Hoque etal., 2014), Z OF5L/S v MEOS3ARIL, AN AID
STEL Y AWATIEZEDEINELS 2D E21E, FFELTWRWEb® 5, HiRigIcih
S7WimEE (M 17b) Tid, &RHOR EICHEEHEREY A3 545 L T\ 5, LGM #ilZ, AHulk ¢
ITHEAKHEDNKI-135m (K<, WEKHEDR TS & X THIME N S 4172 (Acharyya et al., 2000;
Rashid et al., 2011; Hoque et al., 2014; Grall et al., 2018; Ravenscroft et al., 2018), = D1, {H[JI|DHE
FEM L B2 ONDWHHEREY D HERE L. MKED LR & & bIZ= A TF 27 U —7p EOvpERHE
&% (Umitsu, 1985, 1987, 1993 ; Islam and Tooley, 1999; Acharyya et al., 2000; Goodbred and Kuehl,
2000; Shamsudduha and Uddin, 2007; Grall et al., 2018) 2oLz EE 2 Hb (X 17b),

432 HKBOR
i i — ST b L OVEET O I, AR O FaHKE TH 5, dLROHKEIT T ICH
KIOHENS LA Yv—ERoTEBY., ZHLITEANCHNIIEEMRRZE AT A LA
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Y —12Z4 LT\ 5 (Ravenscroftetal.,2018) ([X| 17a, b), IFEESD /K& IXfEHH—F g b
J& . HEEBORKBIIE R~ OB IR STV D, EERHTKE & K8 D5y
BV, ACEST e L7 gs /o0 SRR OFEEIC K 0 BRI T & 72 > T\ % (DPHE-
APSU-JICA, 2006; ADB, 2011; Mahmud etal., 2017) (X 17a, b), F£7-, —150m £ TOHifg ==
> MI, H R TR, BT O T EAENC L TH D (K 17), HiH
MBI Zin 5 i TR Z BRI ORI 2 B E TR AKBIZ a0 TnD (K 17a, o), A
s DT AR, EARRNZALTE 2 5 BT NS AL, BiK 2B 0.01mkm &/ & < (BGSand
DPHE, 2001; Shamsudduha and Uddin, 2007; ADB, 2011; Majumder et al., 2019) . J 72 Hip - <
D& LIENLTH D,
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b

Northwest Paleo-coastline at the time of Southeast
25— last marine transgression — 25
—_
2
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o
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z
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g 2
] w
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S
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i}
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QL
L —
=
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250 * |:| Fine sand ®
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= 3
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.
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s i

17: NW-SE schematic cross-sections along paleo-interfluve (a) and paleo-channel (b), and SW-NE

schematic cross-section (c).

4.4 T AR DEALDOEIR
K DAL DI DN TR RN O FETT 2, §%0and PH RO 7 v 27w » b (K
18) TlE, X TDH 7 7 AHZ —733557r42 local meteoric water lines (LMWLs)D N 27349 25 7>,
b LITENEIEFITENE ZAIMLTEY . Zhid, EE# KL EE T KOm T &
b AR RBERICHRT 2 2L 2R LT D EExXBND, 722 bORERITA
HUs 23510 2 BEFFIE OFE R & H—F L T D (e.g., Aggarwal et al., 2000 ; Dowling et al., 2003;
21



Zheng et al., 2005; Stute et al., 2007; Mukherjee et al., 2007;Hoque and Burgress, 2012; Worland et al.,
2015; Mihajlov et al., 2016; Ravenscroft et al., 2018; Majumder et al., 2019), L 72>L. ZEDREAKIL,
R (0.3TU) K SHIEFEI Ok S5 X 9 2 FAKEIZ W (R 1D, T7hbbH, 4
72< &b 1950 FARLIRNIIHEN K Z > TV Z EDIRR SN D, [FIRROFIERRIT. BEFIIE
THHEINTWD (e.g., Aggarwal et al., 2000 ; Dowling et al., 2003; Zheng et al., 2005;Worland et
al., 2015; Mihajlov et al., 2016; Majumder et al., 2019), X 18 Tl&, {FREH FAKBPEER /27 T A H —

(C-1,C-2,C-3,and C-HNEHEWE T T 1y b I, G FARPMESR 27 7 25— (C-7) 1%
BWEZIZ T 7y BTV D, 2L H ORI 540 3 & — T TRIE HLU T 7K(7.9 to 17.5 pMC)
EIREH T K(35.7 to 82.4 pMO)D SRR IR (MC) TEEIAN R0 Z EMBRLTERY (&
D). TR LIRS & O TR ORERHY I L OMEAL L7Rfin 72 2 Z L 2R LT 5,
Cl IREEL CI/Br EAD 7 m 27 vy b (¥19) T FEAETITDY T 22 —HfEK
(655+4) (Alcala and Custodio, 2008) % /K37 A 2> CTHAA LTEY . Tk £ 72130
WOBEKDFREMENE X BiLD, TROLEL L M T AKOEALDOERE V150 2 & &R
LT D,

30
Dhaka: 5?H(%0) = 7.75"%0 + 7.7
20 + Chuadanga: 52H(%.) = 7.85"°0 + 9.3 y
Barisal: 52H(%0) = 8.215"80 + 12.2 _i,:;’,'*’/
10 A [
0 m
—-10 A
8
sl
-20 A L .
T P ol * GNIP (Barisal)
e - e + GNIP (Chuadanga)
10 30 4 Ao’ o° - GNIP (Dhaka)
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vpiiiig O O AC1
-40 1 . ,;ﬁ‘i%o@ +C2 .
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43'!’0 b uC-3
-50 A . ’4;,4_""' c4
i
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-60 1 A cs6
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18: Cross-plots between 8'3%0 and *H of different groundwater clusters. Note: Local meteoric water
lines (LMWLs) were drawn based on the nearby three Global Network of Isotopes in Precipitation (GNIP)
stations, of which locations are shown in Figure 2.1. The relative positions among the clusters can be seen

in Figures 12 (g) and (h).
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19: CI- vs CI/Br molar ratios of different groundwater clusters. Seawater value (655+4) from Alcala

and Custodio (2008).

4.5. ZRIEH T K DEAKILDIRRLT =& R

BT KOEAED ED XS INTE 2 Z2HET 5729, Clrand§%0 RO 7 1 X
7ay FERR LT (K20), 20 T, CI- OHEANTLEN 8180 1A MER %7 LT
WD, ZAUTHMIAR K LK OR GBI & TV 2 N EEZ D, ﬁ&b%#&@?w
§1%0 L EWRED Cl Saplk /oy DIFED RIREME A2 e LT\ 5, F£72, C-1~C-3 ITRAMNIC
HLTEY, C4 LR VBWZERMKICH D> ThTnct 7y FLTH ﬁbfwé(l
20), ZALD DOFER L REH T KBERS IR T A K — (C-1~C-4) DOZERGARR (K 13~14) 7
5. WAKB L OVRKOEEH F KO IL P &l E~THEO 7 o —7 o A L Cu
LHH0LEZHND,

Z 2Tl EEH T AR DA OTERGRERZ DWW T RELORE B & BT OFE R H IR D L
INCHEZ D, FIWAKEN R FB-7-F# (LGM: Last Glacial Maximum) (2. #1 F/KIXFIC
JE/AETE 2> & FE/RE B HRAL, S & il R oD it s oo ISk DR K (b b, C-1)
B LT-EZ 2 bND (K21), D%, #EKEITK 15,000 F77FE Toulic EF-ZB4 L.
BOKMIOWERIZIX, S ORICHERM O HERE L, R LR ZOBRTZAF 27 U —»
ksl (X 22), WERIC C3 BLOC4 1%, EHCIVilER S BEERBICE -
TEZLVUKEBAKDIESG LIZHT KT, ARSIzt LEX NS (X 22),
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20: Cross plots between Cl-and §'%0 of DGW dominated clusters.

Z OWHEH DO AT — BT, IR & [FERICmE OB A <7 880 OfElL. LGM WK
IR SNTEE L TBZ L\ 72 2 LV RIB I TV D (Dutt et al., 2015), £7-
C-4 ITFAAHOALM (K 14) 222V (K 23) ITAET 22 &b, C-3 IXEERIC C-4
IV LRELIFEHREINTZEBZDOND, C2ITBITDENEEDOEILIX, C-1 & C-3/C-4 DRSS

(24) ITEBEL TEY . ZHIABRREKRIREBRTmE AL TREZ 272 EZX S
N5,
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21: Conceptual diagrams showing the estimated water movement at the time of LGM along the paleo-
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those in Figures 17a and b.
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along the paleo-interfluve (a) and the paleo-channel (b). The positions of the cross sections are supposed

to be the same as those in Figures 17a and b.
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23: Depth variations of deep groundwater wells in C-1, C-2, C-3, and C-4.
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24: Map showing the deep groundwater level contours (BWDB, 2013) and possible direction of

groundwater flow. The locations of C-2 samples are also shown.
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25: Cross-plots between Cl-and 8'30 of mixed (C-5 and C-6) and shallow groundwater (C-7) dominated
clusters.

19 TIE, WKEITIREORER, & 25 \WEE O 7 O REMEN g H T K DAL DFs A&
WTHLI LR LTS, LLRRD, EEM T KOHEAKEDO T 0t 230720 L5
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26: Vertical profiles of 3H in the Indian Ocean (Rao et al., 1994).
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R 3
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29: Cross plot between Cl- concentrations and 14C activities of shallow groundwater (SGW) in the
Khulna city
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30: Distribution of 14C activities of SGW within the Khulna city.
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31: A layer of salt developed in dried up surface in southern coastal region of Bangladesh

(https://www.thedailystar.net/news/saline-creeping-into-croplands)
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