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Advanced Land Observing Satellite

Advanced Spaceborne Thermal Emission and Reflection

Radiometer
African Union Commission
Africa Development Bank

Federal Institute for Geosciences and Natural Resources

of Germany

Deutsche Energie-Consult Ingenieurgesellschaft mbH

Digital Elevation Model

Department for International Development
Division of Environmental

Environmental Impact Assessment

Europe Investment Bank

Environmental Impact Statement
Environmental and Social Impact Assessment

Environmental and Social Management Framework

Environmental and Social Management Plan
LANDSAT Enhanced Thematic Mapper Plus
Energy and Water Utilities Regulatory Authority

Fluid Collection and Reinjection System
First Energy Company Ltd
Geothermal Development Company

Global Environment Facility
Geographic Information System
Geothermal Power Limited

Geothermal Power Tanzania Limited

Geothermal Risk Mitigation Facility
Geological Survey Tanzania

The Icelandic International Development Agency
Japan Electric Power Information Center
Japan International Cooperation Agency
Kreditanstalt fiir Wiederaubau

Land + Satellite

Ministry of Energy and Minerals

Ministry of Natural Resources and Tourism
National Development Corporation
Normalized Difference Vegetation Index
National Environment Management Authority
National Environmental Management Council

Phased Array type L-band Synthetic Aperture Radar

Rural Energy Agency
Rural Energy Board
Rural Energy Fund
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SIDA Swedish International Development Cooperation Agency
SREP Scaling-up Renewable Energy Program

SRTM Shuttle Radar Topography Mission

SWECO Sweden Consulting Group

SWIR Short Wave Infrared

TANAPA  Tanzania National Parks

TANESCO Tanzania Electric Supply Company

TICAD Tokyo International Conference on African Development
TIR Thermal Infrared

Terra Terra

UNDP United Nations Development Programme

UNUGTP grrgéigmmlgatlons University  Geothermal  Training

USAID United States Agency for International Development

USGS United States Geological Survey

VNIR Visible and Near Infrared

XRD X-ray diffraction

ZECO Zanzibar Electricity Corporation
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Arusha
Igurusi
Iringa
Victoria
Uluguru
Urema
Eyasi
Oldoinyo Lengai
Kigoma
Kyejo
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Kilimanjaro
Zanzibar
Shinyanga
Singida
Sumbawanga
Selous
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Balangida Lalu
Bukoba
Poroto
Manyara
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Mgeta
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AT T — % (BEWOREERTT—4) & LTHWE,
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I RERER

-1 = %L ¥ —HF

2010 > 77 U 7y HEABRFE (TR 2 BURFEREBAR AL IS LAUE, 2007 FRICB T H 2 o F=7 D
1 kT F—DOUFGRT 18,278 T-HIMHE > (toe) Th o7z, ZOWN, EETZRLF— (f
R KERA A, K1, #i7n L) 13116,902 T-toe ThH-o7o, —FH., KT R/LX —{4E &EIT 15,806
Ftoe THY., TONFRIL, PEEMM 2,013 T toe, EfH 23 1,005 T toe, TOfh (RAH, 2
FEME) 812,788 T toe 72> T\, U =T ITAHET D EHE LT RV F—&JRITAK T, K
KA A, AR, BAEAMRRT ALY — (K= LX— @), #ifh, A 4~R) RETHY,
IR EILATIA 500 7 KW, RIAA A7 450 {8 md, AR 3 B, KE=HRL¥F—n
187kWim? L BFEL LTV D, RIRH AT LTk, HERERITCRON & $R1T (EIB: Europe
Investment Bank) . A7 =—F V[EFEBIFET (SIDA) OEVEIZL Y., A > REEICALET D Songo
Songo &AL DBAFE B HES, 2004 )35 Songo Songo A AHDAFEE B L T\ D, KIARAT A
OB 7 m Y =7 ME, Songas fh (W FFRAEFHESLH P =T RAEFERE 20 UL EHE) 23
HE L, TAHOHBLUIMI b HEBITOBIE LFENA T T4 O@EREEML TS, 207
0oy MIBHRT 25 EHT (18.6 11 KW) 1331 7' F A VU 3gkek S5 (2002 4F) 1258 L,
BRNTY = MERBFZHH LTV 2dd, 2004 FI2H A DIEIE TO/NL T T4 NFERL
L. BHEIIRBRT A E2HH LTS

11-2 78 /7 54 S OV 7 it 1A

BV =TDENE T Z =1L, =X — - §i%E (MEM : Ministry of Energy and Minerals) |
& W =7 G284 (TANESCO : Tanzania Electric Supply Company) . Rural Energy Board (REB) .
)5 = %)L ¥—JF (REA : the Rural Energy Agency) . #iJi—=x/L¥—%:4: (REF : Rural Energy
Fund) . —=x/L¥— - KEBHHT (EWURA : Energyand Water Utilities Regulatory Authority) <
MR ST %, TANESCO (X, MEM D FICENNL TV D, R EEBHFICE Y, TANESCO 7%
1930 FRAIDO _;&“iénkﬁi 1957 # % Tl ﬂfﬁ%& =T BOFAEASF L2, TANESCO
X, Z UV =T REOREE, EE, IE, TEFEZToTCRY, FUF=7RKETHE—DOKRH
BB E Ch o7z, 1980 F 6%, 132kV WK — 7L 38km %#fi~T, Fr o LEe
NRUNBICEEMG OBFLE o o U LE )AL (ZECO : Zanzibar Electricity Corporation) (2
45MW DFENERHEL T\ 5, 7235, 1992 46 H _@ﬁ@a«®aﬁt75—%Mﬁﬂ%&&
D, Z =T BHGGAEOE TG EIIHE T LT, 2003 FekET O R L F—BORIC LA,
EZHB% A A T 5720 :\é@%f%mﬂ%@ﬁ&f%ﬁéﬁ%@#é@ﬂﬁ@x%»%
—DOREBIEEMRALT HZ EDNBEORAE L oo T D, F/o, FEE, B¥ ¥, Annike
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D OFEIENNI LT 572, 2023 A F TICHHGRE I &2 3 (51T 2 MEMES R S C
W5,
mm$®F77Uﬁm@%% IR D BURAERRA ) Ic X uE, X o =T BN E T
FEREREITAK O 56IMW & k1D 478MW DA EF 1,039MW ToH -7, F72. Mnjokava
Qma FHE, Z oV =TICB T 2REEREIT 1,320MW TH Y . BIRITAKS, TAKOKT
EEINTND, Fio, EFRITAINCKE KFELIZEFRHER L 2o TnD Z Enn, FiEo7 e
DB Z T WVENGER & oo TWD, ZDk®d, ¥ W=7 BUFId i 7 = 1L ¥ —
ST ALRD X R RERERBREZBERELTWD, AR LZL2iC, U F=TENIZBWT
B & 7R 0L =3 VX I3, B, AR, BI). KBE. VR ). RRT A i A
AF~ AR ETHY, A LX—bABFERE L TEEHILTWD

11-3 H B R

Z oW =T ENCRB W THIEABR R 2 RS 5 D1X, MEM =R /L¥ — « AR HA TR R /L ¥
—ikTh D, FAEMRBT XL —RTIIRE. B, /KT, B OSNA F~ 20 5 5382 B
D> TWno, MIBEGRELEm L TWDEOKE L LT, o V=7 HEHFAEF (GST:
Geological Survey Tanzania) 733 %, TANESCO (ZIZHIZBHR O EBITM I TRB 56T, Ml A
HEND Y THATWRNA, GST X MEM FRA AIRE = 3L ¥ —ff & 4L, HIBVESE 7 L —T D 2
YoN— & U TCTHIZABH S I B - T D, £7-, REA I ELE B & Lo/ NS E
FTBHSE Z it LT g

BIIZUE ELL 20D, o P =T EICBT 2 HEVEIRICEE U7 &2 1949 HELIEATH
NTW5, FIHOFEETIE, HIBRE, EROK « TAGHOmEBRIE R EXMThhiz, b
OPMIFAE 1T Z N AR O HBGHAEFTRIN R OHBEF R E 72> T D, HERIN TV HIRRIOK
ATV 7 AN —HUBENICAIE LT D, ZAUBIRRHOIFE A 1T, =7 L OEEMIETIC
METLIXF Vv VryrRAN, yanyranzEodtkIlX EmERTONL 7D = KLXIZ
gL THD (K1 ZH)
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11-4 HZLBHSE D BLR

11-4-1 HiEAGH %8

Ay z—F VEIAVYANT T T —T (SWECO) X, AU =—7 »EEE% T (SIDA :
Swedish International Development Cooperation Agency) O&E&%FH L. 74 A Z > KE Virkir-
orkint L/ L CH =7 OMEEFFHAEZ 1976 5 1979 FITNT TEBL TWDH, =
OMETIE, ForF=7d TA—T % EiL) . Fhrr, ~=x 7)) AR (LY
Hg) 7 LT3R % 50 DR TAE S 4L, BHIRER ENRIESI N, ZOREBICED, v =
Y ZMEL, Fhueril, yavradu s b—F —KOARY TEWIRESHRH S L, LAY,
vanryan kO~ =x ZMPALEHIRE L TRV IAENA TN D,

Hochstein 1£7> (2000) (. 15 fEATEEE @ 40°CLL EORRMOBIMFHET — ¥ %2 1L B2 — 1L C
Wh, ZRH0HH 10 FEETIE, WEOWE Y 7 My LR DN IR D K LEENIZ, 2R BN
ZoP=T OWRERY T P LR T I TRROEAOTICH D, HHIE, Kb AE il X
ARYIZHDHNV T T 2 KUEFEODWY T e, TR, w7 v, AvauaThbE
fEamftiT 72, 2RO ORRIE, FEMARFEREICL S TRESND THA I HIENA O LZ
DTHHZ xR LTV,

HNT AW T —LDOFEK 160km (INET D07 4 D)oL KA (=3 > F=) TiL, 1997
FE/ G 2004 £EIZ7/MTF T, First Energy Company Ltd. (FEC) (2 X - THUFRMEA 28 320 S 4v, BT
BB OFEENEEINTWD, 2004 4 & 2005 4-(Z1%. DECON (Deutsche Energie-Consult
Ingenieurgesellschaft mbH) 237 7 U BBIRSUTO LRI L D, HIFEBELFEEEZFEmRL TV D, =
DR TIX, HEAT L — 2Bk B MBI BT DHIPERFARFEC XL X —D 1 2L LT
MESITHNTND, ZOREITST e ifle A_PHAZXI S E L, RO Hg CHIUE, H
b5 MEREORENTON -, ZOMRE, FEMRHFHEDTZDIZIZ, T hr &V b FEC I
BEMENBITSN TNV AT L7 THEBENE E L EfEsRAHT 72, 7 ba iz un i,
F0XWEfEOIZD, VoA KLE ST T A KLUOFBIOIRAZTHET 5 Z LR REI N TV D,

SEORMBICIIT DHEICHESE, Vo7 T 2 KIESITALET 2 A T, RA Y H#IFF KRR
EIRMFZEFT (BGR : Federal Institute for Geosciences and Natural Resources of Germany) 7% MEM, GST
J2 O TANESCO BB D1 1 45T, HERRA, HLFaias, WERAE (TEM, MT) % 2006 4E~
2009 FRICENE LTz, ZOFEIX, VI UH UHUE RO =T bR E Lo, L K& ik
D—TIH 5D [GEOTHERM]) FY'u =7 FD N Ti{Thiic, o F=TIZBWVWTiX, Z07ry
=7 ME THRAZ XL X =137 P =T ORBRLF—] LWVWHH A ML Tholz, ZhHD
AL, Y IUKILEFEORDNY T T 2 72 EORRNB AT AR OB R E L LT
Uz ROFTY g KLEFEOCDNTHEFTIZW L D0OIRE & U THiH LT 2% rE ik o iR
BNRHDH AR LTz, LR OHECRIT 2000CLL ETH DA, ko BR IXZ LT
ThnHZ DB L7 (BGR,2008) , ZOFAFRESRICHESE, 3ARDOEMMASN, (300-400m) D
WHI % —7 Y NERET D702, L0 R ERERA A 2010 12, R UAAEMIC L - T I
TITHi7z, BGR I Z DFEMFAE DKM E LIRE L T, L LN, ZOMET —4
ICHESE =707 ey s bAS v 7%, 3 ROEHFEFOMWHINE 2L L7 (MEM
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2012, X -2 /) . 7272 L. BESNIEEHEIIL, GPT OIREMER EHBN TH > 72,

v UHI CHEM S 7. BGR OFMIFHEZRNT, ZhETICF =T ETHEM SN
BHEOL IIMEREOLDOTHD, ZD7D, %< OHEMHT TITEAR E L TRE22BH% Y
2T WFEENTWD, LER-ST, 2o FoTICRB W THIEBRR A HEET 2 7201213, HEBE g
U A7 Z AR S 5 720 O 2 52 L CA LR 2 il U 72 B IR R A & 52k
kD BRI DA R T DMER D D,

MBY 106

(=7 - =7 IR
X -2 AT GPT SRAME EHIR (2 5T KOV FHAH (MBY105, MBY106 M TR
MBY403) FtifizE X

11-4-2 HiEA R A A

First Energy Company Ltd. (FEC) % 1997 fRIZHIEMEAEA S L7z, # =7 THRHYID IPP
T D, ZOWREMITFFMRA L V7 1 D) TWI OB A (TR 2 BB 25 A Tz, FEC
13 Z OHUE D ATHREOFER A ISR EZ I £ &, HEEHEZ 100MW & RS -7, L
DURRS, AET — & LGB, ABSN TRV, 728, FECIZL H2HBBIRITIZEA L
HEH L TBLT, AT HINT,

BGR & —#EICIHAICHE D o To A & » 713, 3ARDOBIREILOMEZRE LI, ¥ =
TBIFITEEREDID, HIT 52 N TEhehole, BB EZED L7201, BUHIEIY
EICHAD & 2011 FE) B AR & 72 IPP 1T 30 DEREME A FEAT L 72,

Geothermal Power Tanzania (GPT) &, HIEAPRA K OBHIE AT 5 72D 2012 2 & =7 TH
#k <47z, GPT IZ, GPL (Geothermal Power Limited : &— U o v A{Z%$k) 2% 70%. Interstate Mining
& Minerals Ltd 73 25%. National Development Corporation 7% 5%Hi%& L Ty 5, GPL % Aspac Mining

JICA WJEC and MMTEC
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Ltd, Geothermal Engineering GmbH & XA —A N Z U T & L U HR—ILOEEZNHE L TV 5,
Interstate X8 NDC |34 v F=7 DR¥ETHD, ZOREOHEa P LZ 2 MEI, KETHD
KA @ Geothermal Engineering GmbH T& %,

GPT L. Interstate Mining & Minerals Ltd % if U C ALY L /L7 ¢ DHIRIZ 6 DO EREHEZ 24 1)
4% L T 7= (www.gpl-international.com/projects), 372> 5 /37 C 3 AT (7314/2011,7312/2011,
7317/2011), > =¥ C 2 fH(7316/2011, 7315/2011) KUV 7 4 ¥ C 1 T (7261/2011) T o 7=
D, BUEFTA LD MBEEME X L 30 0 1 fFT (7317/2011) & > 2D 2 f&T(7316/2011,
7315/2011) D & 72> TN D,

GPT |&. 2012 FEI A3 THUE G AL & (b A 2 560 L 7= (Kraml et al., 2012) . A8l
JEIX EAERTHY, RO THERIN TR EZFE L TS EHEEINL TS (Kraml et al,
2012, X 11-3) , GPT IXARYIZHAET 2 10MW OHLAEEABERE L TR, AW WiE%
Z—/4"y k& LT 600m~800m O 3 ARDFHAHZHHI L TV D, FLARL/NTFF DRI bR IRK
ZMMLE S L LTS (Kramletal,2012) , L0 KREZRHIWHIY 703 F o F=TI2FHIAERT
BO., AAGTOAEEHBANEH SN D TETHS (Kraml, FME) . @W@/ﬂszmwﬁ
D 140MW #EEREZ HIF L TRV 3 ADOELEHRAN 2 MH] L 72 ICTRIEH A 2 98 HI L
100MW @ PPA %24 7% 9~ % aHHlI T 5, BURFIE GPT (2K 5 3 & AT D PRAHERIC fé%%%%
DEBRIEZ L E2—LTND,

11-4-3 R — D3RI

2012 4£ 8 AIZ MEM 28T, MEM & R — (DFID, AfDB KX TrIICA) MDA Bl S
THEY, MEM (3% =728 5 EBAFE S (MBVETRFEA, SRAHIH. A B K& ONE
HIBLHI ) 2 8003 2 B 2R S,

Economic Consultants Associated Ltd.7% 2012 4 10 A (Z”East Africa Geothermal Energy: Review of
Donor Initiatives and Current Regulatory Framework” % F47T L CW\ %, 22720 O Rf—nZ =7
EK%H@%%%WK@%%%LTV%&éﬂfwéo:@ﬁ%émimﬁ\am\$%®I*
X — K== =T V=PRI N TS, ZO7—F 300 R —D iz
LHBEF~DOXEE LB LT, X =TICBIT5HAENRET RLX— ﬁﬁ#ﬁ7m&7A

(SREP, Scaling-up Renewable Energy Program) ®—3 45 Z L ZHfEL TV 5,

AfDB X, # P =TICBITH2HAEMRETRLF —EAMEEDO IR & L CTHIEGIRE OEEL H
%waéoik\DHD%MHM&%ﬁLXﬁ2m3$3HL&WIX%§—AK%wTFﬁﬁ
BT DEMRSA Y — 7 v a v 7 ZBIBEL TS, 20U~ v a v id, KUEEEERE 7
7 v FIZIRH S DHHNT, TSREP : # U =7 ~OEEFHE] b 74— RNy 73t Tnd

(MEM, 2013), ZiUH DFEEITIT, HEBIH = — M~ v 70, SEIEICR D D 1EIEA . B4
ARET L X —klE & R E 7 4 —0&E, Yuv s MRBOAEC, BV O
A, TRILFK—  E~OHEY 7 g OB OERNEEN TN D

SREP 273X, MR & MG E(LD D DOFA AR R /LF— kw920®k%@£%
THERL SN D, SREP 7'm ¥ =7 ME, 719.2 H 7Kk RV THER 1475MW O FFAEFEET R /L F—
BiEZTEL, 2D bLHEL 5368 H ik AL Th 5, ADB I ENL (S =7V v R~ A
7ua 7y R) OFEOOFANREZRALX—D ) —X—%ThHdH, TR —]FHHELIS

JICA WJEC and MMTEC
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DA FTRET 1L X —BRRHEME D FEHEERT & 72 0 | =L ¥ — « IR 1T BT L — B HE
HEDOFEMEE & 72D Z ENFHEN TS, 20D, TRLX— -« iEITE#ES N, 7o
Vxl NEHYTAIMEE L g AT R —ICHRT S Z ERBREIEN TV

SREP OMIEEF D E A% -1 127, 7 vy =7 MIEIEAGHHE & FEZ, m%ﬁif
(R OMBN, KB EOFARRET R X =28 D 100MW OEBEJRBIREZ BN E LTS
(MEM, 2013), SREP (37" 11 ¥ = 7 k DHE[SS MEM ORI IE, v /32T 4 —E LT 4 7,
HiER bl S D B A S O AU HE < A SRR A X OBV BB RIS D 5 7 RS 2 %1795 12

225 HAHKRRVERKT I TETHD, APFAEIL SREP 71 ¥ =7 MBI 2 MR A
T 57200 —B L7 d 2 ERHREES TV,

201348 H 3 H, # V=T EFIREMA SREP DX ¥ /Rv T 4 —ELT 4 7 DL LT
=7 OHEGREF AN Lz & I-1-HE 1.3 25M), ADB IZEMRSEA Ok AR 11-1
—IHH 11 ® SREP IFEO—2 & LTE &7, IREBHBN =T nolRET 2 &3 <, =L

— cHEII N L= T ENTEMB TR S OBV E 7 g VRN BT, XU =T
BT ETOMBREMHIZIZ OB 7 o g UNEEET S Z L2705, Z ORI, S

TR O 72 8 D A 1Y 70 HIZABH 6 1 %ioﬂ%WE&ﬁE#%m’iﬁéﬁo_&&&of
W5, FREBERE DX ¥ XU T 4 —E AT 4 7, BEBOBERICE S X CTHEME N DHFHE
b5, IWWFRRIZIE, 7 =7 D GDC D X H 7KKt 4§ Dk I CER T 5 et b H 2,

AfDB [ I3 T#H 100 i K KLV, SREP X 20 H K RVOE#REZT5 TETHY ., 95 25%
XA, T5%IEY 7 ha—2rTh b,

SREP (% 2014 - 1 A AAE 5, MBS OFEIF A X OFTHAIHICRE T2 TETH D,
72%5, DFID I%, IPP OHIZE T 0¥ = 7 NS ANCTIEREE L 702 THIFTEHE & BRI BE L7z
BRI AED | m%%ﬁofwto

BGR IR D X 5 72231 5 3B it L T b,
> HIEMEA IS 757%%& g T — ZIRET S OMENTHE RT3 D IR D & 2 =7 B
FOWHE
> ITFEOMBEER FIEICE SO A RN AR E ST 58S
> BURRES OBUR X GE M O IR
> MEM, GST &' TANESCO M HIEVERIEE 2 ke 92 Z L B3 FHE & 72 D K 9 7o 4%
> BORREE~OZ =T I8 2 o L —F H aEMEIC BT 5 MO EiR

> HEEHIER I 35 1 2 R ~ OB SR HLE TR L~ D1 /)

KIW IZBEIZ, TOAT AN Z =T 23T 7 ) AsEEO AUC I Xk - THEE S
GRMF %N LTz, Z =713 FE 7 GRMF 225 O EZ H LIAA TRV Z O ITHA
TRORMITH: (EH L2WHFT) OEI) 27 & B /8= 1L, SHRFBITRIIOEAWIZHESNT
W5, 2003 FFIZEXNL S GEF OB &R A 1T 5 ARGeo b E7-# =7 THHATRETH 5,
L L, ZOREICITAREFITOREERH D, B, BEFLBHRELNATND,

AR H 2 5 T MR R A oeh T D B 2 S rh . HEURIT L 1) LTS ICEIDA & £ 72
W7 7V WHEEANOREEZBZSL LTS (27 b TFaV=l 8, av X7 h-Tad=y

ME, IEHELE XY T A AT 4 v T EEL TN D,

UNUGTP & &7, 2005 = HHEE THAS =7 T, KENGEN XU GDC & iL Ty a—

JICA WJEC and MMTEC
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Ty7AF I LER—F Fr¥=7)

ha—2 (438M) ZBRE- BB L WD, X T =T hH b Z0a—AZ& ML TWvbH, UNUGTP
TE- EEMO RN L —=0 7 a—252T A AT RTRELTWS, JICAITRT 7V hiEE
$t8e & U781 LWOHIEWIHE 22— 2 % 2011 4B 6 JUN TFERE LTV 5,

-3 v 70K (TP Vo7 U= ROFD g ki) &L T E

%

(Kraml et al., 2012)

# 1I-1 SREP #EBHRE 7= 7 & (100MW)
Target capacity 100MW
SREP | AfDB Others GoT Private | Commercial | Totals
Sector Banks
Unit: Thousands of US$

0 Project prep grant 700 - - 700
1 Strategy, Registration and Capacity -

Building
11 Strategy, registration and regulation - 2,300 500 2,800

JICA WJEC and MMTEC
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Tr7A T LR—k (P =T)

1.2 | Organization establishment, 700 - - 1,000 - - 1,700
institutional development and
program management

13 Capacity building, training, 1,600 - - - - 1,600
knowledge and lessons sharing

2 Geothermal Resource Confirmation
and feasibility studies of promising
sites

2.1 Satellite and surface exploration and 3,000 3,000
pre-feasibility studies

2.2 Test  drilling program  design, | 20,000 20,000
exploration drilling and feasibility
studies

3 Power generation project development | 2,000 2,000
and Transaction Advisory

4 100MW Power Plant Project - 15,000 - - 142,500 317,500 | 475,000

5 Partial Guarantee for power plant - 30,000 - - - - 30,000
Total 25,000 45,000 5,300 1,500 142,500 317,000 | 536,800

(MEM, 2013)
11-5 HZEABH & A 2 Lok
11-5-1 Tfi s A

1L.VE— BT
a. T —XDIUE
WAL VE— RNV U T TF—2 %% 122 1077,

PUFo 5 itk awtg L Uiz (K 1-1),

> LY

> ha kRO~ = ZiJEL
> < E b

> X

> L A A

F7-. AF L7 ASTER H{ED /3L
U=y 7&K N-4 TR Lo, ASTER [Eff§ 2 I U7c skl d, SCBRTE #3120 by & LT
HLLEENTWDX P =TEHER (LA3F) S (K e uill) KO~ =x Zi#iEn%z &,

JICA
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TZ7AFI s LiR—F (Fo¥=7)

F N2 WELEZVE— VI T—4 &

Data used Specification Numbers Remarks
LANDSAT/ETM+ | -7 bands ranging from VNIR to | as required USGS Earth Resources Observation
Pan-Mosaic image TIR through SWIR and Science (EROS) Center.
(Optical) -15m in spatial resolution
Terra/ASTER -14 bands ranging from VNIR to | 23 Product Level1B; 25scenes
(Optical) SWIR 3B temperature; 18scene
-15 to 90 m in spatial resolution From Japan Space Systems
-60 km in swath
-Pointing
-Stereoscopic view along track
ALOS/PALSAR -L band 7 Product Levell.5; 7scenes
(SAR) -10 m in spatial resolution From Japan Space Systems
-50 km in swath
-20-50° of off-nadir angles
SRTM -90 m in spatial resolution as required USGS Earth Resources Observation
(DEM) -Data opened in 2002 and Science (EROS) Center.
GRAF )
JICA WJEC and MMTEC
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ASTER Coverage Map, Tanzania

RUTE MTE WOUE W0UTE

00S
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GOrS
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10°00rS
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o 55 110 220 km
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GLEARil(ED9)
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b. FESIE
FETIE, VE— MBIV T—2EREL, 20T —FUH L EBRHFGEEZITI L LD
2, IR RIS B ERE 2 B o7, F7o, HBWCEEE T 5 HEE - T %
FEhL, TNLEHRAE LT, 2L —EHOWAULGISER L Y > 7 L THES T, il
MEICRKTL 7 —F ¥ — 2 155 1ZR LT,

ﬁ Remote sensing
_—) .

data selection
ArcGIS

P

GIS database - D ERDAS/Imagine
Image processing ﬁ - False coI(_)r composite _
- Thermal image composite

NDVI processing

* - Digital mosaic etc.
Image
_’ i ) _ -
interpretation ‘ DEM slope image

Field
survey

Feedback

Geothermal
interpretation

——» Score-sum

Conclusion I

GRAHIERR)
X 11-5 HHFEEICRB TS 72 —F ¥ — b

BHEHA R U= Ei 7 — # 1% LANDSAT/ETM+, EOS/ASTER, ALOS/PALSAR TH Y, &
OICHITE RS Z R T 5 72912 SRTM  (Space-Shuttle Radar Terrain Model) %%/ L7=, SRTM
I DEM (BUEREEEET V) O—FTHY |, Fkx e EREAFIZXIGAEETH D,

c. HiHFHA D= D miGLE

TERR L7 U 2 &R 1.3 (2R L7z, #AH LB GIEIL 7 4 — VA T — &R ALER,
NDVI JLH, SV H VTV A 7 IBETH D, 7+ —/VAD T —A A TITEd e 3 80 R
ook RONO =JFAIZEND B TTEEMREMGZIER Lz, dbEl (- Fe s iU~ =
¥ ZWEL) D7 =N AT T —EiBER 11-6 12, YUXFBLOa L R, 53 Hig,
N7 4 DN OF Y REB LI N=ag T TED T +—/V A0 7 —litg 24 119~ 11-12 (2%
IEHR LTz, NDVI ALBRCIIREHE L A fa 20 2 T L Tk & B4 DA A 80 L TR L
7oo ALiBHiisk (7 b = s L O~ =+ ZWEL) O NDVI Eifg 2% 1-7 127 LT, [FEifg T,
FEAE DTEMEEE S i O U A2 PR = < (B35 <) 7202 K D ITERAE L7z, ASTER B\ TI3st L
~L 2B03 a7 EFIH L CHIER ORI 2 Rs Uiz, R Tl O BRI E O B A

JICA WJEC and MMTEC
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m< (H5<) 725 X HICEE L, ALk F b o )E L o MR iR Em R 2 X 1-8 (2R
L7z, (RS CIIBEHEE OEWNE A5 L TR L, —F, SRTM T—Z 22O\ T, 3*3 ®
IO A L FoadfA L CTHEBEZFEHL, Z0OMEE2 7 4+ — VAN 7 —EgIZERZ A THIE
RS SRR ST,

# 11-3  fEpkmifg—5

Area name Generated imagery Scale
Northern area ASTER false color image combined with LANDSAT/ETM+ 1:250,000
ASTER false color image combined with LANDSAT/ETM+ (trimmed) 1:100,000
SRTM slope image superimposed on ASTER false color image 1:250,000
ASTER NDVI image (trimmed) 1:100,000
ASTER Level 2B03 product (surface kinetic temperature) 1:100,000
(Shingida area) ASTER false color image combined with LANDSAT/ETM+ 1:250,000
ASTER false color image combined with LANDSAT/ETM+ (trimmed) 1:100,000
SRTM slope image superimposed on ASTER false color image 1:250,000
ASTER NDVI image (trimmed) 1:100,000
Mbeya area ASTER false color image combined with LANDSAT/ETM+ 1:250,000
ASTER false color image combined with LANDSAT/ETM+ (trimmed) 1:100,000
SRTM slope image superimposed on ASTER false color image 1:250,000
PALSAR image 1:100,000
Rufiji area ASTER false color image combined with LANDSAT/ETM+ 1:250,000
ASTER false color image combined with LANDSAT/ETM+ (trimmed) 1:100,000
SRTM slope image superimposed on ASTER false color image 1:250,000
(F A 1Rk
JICA WJEC and MMTEC
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T7AFN s LER—F (FoHF=7)

38" Pg'E as" II:I'EI'E
—— - lﬂI‘\{airul:-i i
- I
' y Wi .
- D ."“ ] f ! n
;:G.!-l- 3 .-!Ir ; -I-g
" Dar &3 Salaam ; i "
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: 25
e, ' J_,:f'
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i \‘u\ > / \
; I
| \ "
¥
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@ L e
Babati :
J; -1 oW
/ | T i
0 10 20 40 Km 35* |';.'{rE 38" EI'EI'E
T N M B ASTER HDVI
(FRAEFIERL)
11-7  JbEBHiE o> ASTER A FEECE 4 (NDVI)
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d. G
(@) MBI E H R
HEVR T o v VR D 7= b DB
Ei{EHF A T 2GR0 BNZHL M L TR LERSH V| AFJHE CIEHER
TV IVERMNGBET LD, UTOBEEHRE LT,
BR c BEDUACK VEEY S B e BN 240 O 72D Z DOFRIE G M OIR AR & K
DI N ELL T2 %, FTo, REUWLZRWTECW g D272 K78 &b m O O

ERARPHFTE D,
MRS « EREIE IS 2 SOMEAH Y . BROT20D O & Kz ftfa 9% Wr
WL IR D,

ARV VEE LTTEBRET D, 0. BAUTH &< RV U ACHEREE
Hy— OB E R, I, U CEUKEEERIC L > T b L2
FAMFy Ty 7 LlpoTODLGHENEN, L, BLERETITH T odRP % H#E
ETE DT OT—ZIIRSEIN TR, 7272 L, WalE AR ES — R K < |
FyrovTmry 7 ERoTWDHAEEGHLH, ERICF vy T ry 7 o TNDHN
E D MTHT ORI Z WREES 2 TUHEAI S LB TH 5,

Z At : HEBHFE AR T > v VAT T D 7o OITITBREE M, Tl fhasikis
Mk 72 &2 OMIA BRI HIER T HMLERD D,

{58 D 7 1

FROEHEZFR S LT, TEMBEPHTFIEC X0 EgHE A i Lz, £0E BRI
UTDX 12725,

BJRO—FKA 720 & U CE ALK LETEE s 2 fhiH 9~ 5, Z4auTidek i, B,
Aa Y TR ENREEND,

RN OMEREEOHMP E LTHiIEEEZOND Y =7 A FOfH % FEhi 4
Do V=T AL MIZOWMENOHEERE. P - AR Y =7 A D 3 K45
ERET D,

ZOMOE L U TIRROIFH N &2 /8T 5283 244, BGHRE IR, 25
DEAMRH R H e EICbEH LT Z1TH,

BT, MEVETRBIR AR T v X M EFHMET 2 B CEE R BIRAR ., EEAREGER.
BAZSHERR EHIPH, Lo AND, BEEMEOT 7 A, i FAKFEEZR Sz oW ThHRat &
2712,

(YIRERESEEREES

eE R (Lo ¥ X Mg A E i)

W HIR O HUEDHIFERE B2 X 11-13 O 11-14 1SR LTz, Az b e il v~
=% 7, =Y, vAunrIae s b—F— ANTUFFH, a T ERTI XS
WCEDLETOFRMEE I N—F 25, Ak ClIy T I u LRz OIS UK LA DA
AT 5, KIZESAAHIEORIRIT AT VX2 T U (L& 7e0 2> RT LTIk
LS DA TR BV, T O—@#HO KA TR ECl3Ea~REDaHfz 2L, —

JICA WJEC and MMTEC

33



77V HHIGRT 7 U A BB AR D fE B - TR A T7AFN - LER—F (FHF=T)

B ORI Z RS, LML, EEOEWKILERRSZN S O KA UTIZERD & 2 H
WALEE L 725 TV D, I rdn gy L—H — AR KOILVTZ7D 1 5Ths, £
7o, BERELI2kmBEOZHOA ) 7T ERRBD LIV, TALNERT LMk Tr
I UROALEE, v =% TR, ANFELRETHD,

VHHIKIZBIT 2 Y 7 oz mtEE, £ 0% Tk NNE-SSW S Th v . £ DR#HT
I NE-SW SR FMZE L TWD, U7 MIKBIIIZIEEE & Lo AT v 7kl
BRI EEZLND, U7 MEMOEESR L 500 mkOWEEZRE LTk, Elokk
ST EGEPHIN~ &5k LT D, U 7 RN TIE2RRIIZ NNE-SSE 2> 5 NE-SW J5 [ D
JEoHWNTY =7 A FREBILTE Y, KR b ORI TiE NNE-SSW Faod U
=T AV IBMERLTWD, BFBATIZE - TE NW-SE FHOWERHEE TE, 2 bW
JE& X NE-SW J5E OWifE 2 O3 281 0 Wi & 72> Tnd 2 b b H LW O
HEEICAELWE L HEE S5,

HE DX v v 7my 7 & UTIFENLAKITEINZ L > THeb INTESNE LN
L5, MEEHIR T OSSR T KIER R OF ORI ST, U7 hOEBIT
IR L VU FLAR S HERE ) (S S, FRICTHAERERI NA L i LT\ D, Z ORIy
A0 DB IR D CTREN R AR I SR S s,

BRETHOMIE 2> DAHIR Z BB 5 &0 v Fw v T FlRGE X~ = v 7 WIE L[ 72
EDRIRWEIHAZ TV 5D,

Y Hieg,

WML O M HIFERE R A2 X 11-15 (SR Lz, A, Aoy vl ve, 47
T A, TR, FTUR, v TN, BT AOHEER TR 2 TICESLE TOHPEE D
N—TF2%,

AHIRIIEE ALK LB R E LT, v 3P, vl Ux, FxVa, AXYROMLT
Wb, £, INHOBICIEEL DAY TENBEL TWD, oLy 7w kil
=7 CoIETIX, DA a U 7 EIXERAIC NW-SE Jia~Alsl L T
WD, KILES AR O B RRIT A 7 AT TEfi LT D,

WELHIEIE NW J516], SE J5hl, ENE S0 U 7 hAREETH 3 EAE L THMHATY
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(FAERER)

X 1-17 A7 4 PHIEE (=3 T=, 7F5F) OMERSEHFHE S

2. BEfF ORISR HAL 227 — & O P 2200 fiRMT

TRIRIK « #iF2K OBEAL 30Tkt Bk, BEAFFH 4 Ci% DECON-SWECO (2005) ) () BGR  (2008)
WCEEDLNTWD, AL 28 DRIFEZ 1951 4005 2004 4FIZ/)T CHELZZHOTH Y, 11
DEERRZ DM THOIN TS, HBH T LY HIKO 44 7R % 2006 4E0>5 2007 4FICFHA L7
LD TH D, BHEOHITITIIEH SR WER S B E D, K 70 O BairEiTcng (X
11-14) . BGR O LIZIRIRAK « HIZEKOFHAENEM I N TWNDENE I DI L TRORA, ¥
=7 ETIIAFTTE TR, BGR (2008)(X 4 > =7 28] 2 BB A LHIRO O L S TH
D LRYHIEO AL EZFHESINTZEDOTHY , — OB TIEOIT SN TR WEE b H 72729,
DECON-SWECO (2005) D/ #fil. (BEfFT — %) %3, TEM ML FENT 21T > 7= (RERAKS
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T 7V AT 7 YU A BB AR D TE B - TR A TrAFN - LER—b (X HF=T)

WD 5 6, EERS O — B TIR A E R 4 1287 T)

FARIR TS IVIZIRRAK DO E D & A A LA A OBEMTUIUT AT AL
NTEY, SHERSHIRBREGFEMEZAE L TWVDEEZLND, IBREAKD pH X, 1ZIEHME~T
TNHIETHD, FHEREA AL D0 TIIRA7 2 HCOz B £ 7213 SO B TH V) | IEEEN
KHToH LD Cl Z R TRRITERECH-72 (¥ 11-118) , 727272l Cl L DEAMTH S Cl-
HCO3 #il & CI-SOs BIDIESR A FAET D, ik Taf & UG LT-BUKZ IR & 3 2R RKDGE .
Z D Cl T —RANCENZ EnE, ClBEDOEWIRROM FICEIEO R E N FET 5 Al hE
PER R, SRR E CHREDORFREZMRNTLZA, Va7 NI THIEREO~YE MM by
T e =T HHORIALET D4 7F, ~VE b, Bvbv, vor7u, 7 ROERITRIE
23 60°C LA ET2>o Cl RS 200mg/L LA ED &R - @& CLIBETH VO | HIEVERA LM TH 5 Al
BEMEZ R L2 (X 1-22) , —J5. ClLIBEE DB E WV VAL ORRKICHONTIE, HHTH
DX ARNG | EHEIREOTIEBHAL TND EEX B,

# -4 ZBEIZLUT-EBEFRA DR R IME

HiR FUBHER AR SyHT I A x4 Hidik SyMriE oSN
DECON-SWECO (2005) | 1951-2004 FE 11 RS =TT 28 R IR | MRS L
BGR (2008) 2006-2007 MBS ETTIEE | AT HUEK 44 RIR —HEAHT ST
VBB Y

(DECON-SWECO, 2005 % J: (2 FHA I 1ERL)
X 11-18 {RRAKDFEEA 4o =™ BEFET —4)
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3. BLHFR AT Hh L DR E

BEAF SCHERIZ Lk S 40T 23R IR O SR M OSHIAL 2R B 57 HABE S 2 IR JE T L & S0
A Rhdnk 2 358 L7z, 50°C LA E O SRIR AN FEER S AT D i BMhiek 2 3% 11-5 12”9, v o i
DN, HEEEMEN R E SN TV DLHIECT 7 B A 2B ET 5 &, MO LY ED Mk, b
HoF ha - ~ = ZE I, KOV T ¢ DINERD O Y Ml s MEaiiigk & L Ch T
biLd (KN-2028), 7ed, INVEEMINLZRERIC AUE, 206 OHIBRIZ DV TITERZ 4
FoREITZRWEE b D, 7272 L, HMBEREMENHRE STV DM E LT, L7 0 PHUED
BERINTODER, EORPAICHEEENRE SN TODINEARFETH D, LER-T, L7 4
JWERD Ol b L 7 ¢ PHIBICE ER TV A AL H Y . L7 ¢ DR A M O %
SBHER L TR LERND S,

& -5 B H O IR TS

g | e | DK RERRET L
(°c) (°C)
7=l 7R 86 88
=7 Y HERE A A A 82. 4 99
=7 Y HER A ATT4V 65 - 80 88
VT VR JVIRA 50 - 75 n. a.
TSl AL 72 93
VT AR vTUY U =X 70 86
~ =Y 7 ~ =¥ 7 69 109
=TYHRER | VT 4T 4D 65.7 92
=7 HERS R < 7n 61 - 63 125
AV~ <% b 60 109
Azl A7 60 110
=7 HERE D AR 59. 7 103
=7 Y HERE A X7 R 56.5 — 59 122
=7 Y HER D TR 58 144
=7 Y HER NTT 56.6 125
VT R TT 55 61
=7 P HER A PN 54.7 127
=7 VYR FNAY ] 54.7 93 I EAHERR E 7 7
B % NEHT 53 72
eI ~a 53 89
F ki HUF 38 - 50 48
TSR 0 755 HATR B A3 50°C LA | o> Mgk 2 785 HE IR BE L2 3 = 7z
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O . sumnapim (FAF R
11-20 B Hh R (oA
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77V MR T 7V T HIEAGH RS AR D {E WE - Wl IR A TZ7AFI s LER—F (P =7)

11-5-2 LA

1. B AR R
BIHFH A S OAE K 2 X 11-21 12, & -6 ([ZBIMFHE SO Y A NEEn iR LT, 72,
IRIRAK DKERERER EFELY 2 &R N7 HASTHOREY 2 F&2& N1-81TR LT, i
(KR, RIB) 3V — I AXEER T, pHIZHES A pH 3F. BRI 3T SR G <l
E LT,
AR SRV H H D R A DL ISR R 5
# 11-6 BiHFHEMA—E

Location No.| date place Region 5:92%2%;? d';g::::((jg) Elevr;a]tlon Geology Remark
Na0l 16-Aug|Lake Natron [ARUSHA 35.90563 | 2.37312 600|volcanics  |Ramsar convention
Na02 16-Aug|Lake Natron [ARUSHA 35.90376 | 2.37392 601|volcanics  |Ramsar convention
Mn01 17-Aug|Lake Manyara [ARUSHA 35.73786 3.61676 968 |gneiss Lake Manyara National Park
Mn02 17-Aug|Lake Manyara [ARUSHA 35.74094 3.61712 973|gneiss Lake Manyara National Park
Ey01 18-Aug|Lake Eyasi ARUSHA 35.25440 | 3.57560 1,045|gneiss
Ey02 18-Aug|Lake Eyasi ARUSHA 35.33100 | 3.50276 1,037|gneiss
Ey03 18-Aug|Lake Eyasi ARUSHA 35.33057 3.50178 1,106|gneiss
NgO01 19-Aug|Ngorongoro crater [ ARUSHA 35.55775 3.24353 1,168(volcanics  |Ngorongoro Conservation Area
Ng02 19-Aug|Ngorongoro crater [ARUSHA 35.60079 3.21050 1,216(volcanics  |Ngorongoro Conservation Area
Ng03 19-Aug|Ngorongoro crater [ARUSHA 35.49837 3.17734 1,105(|volcanics  |Ngorongoro Conservation Area
Ba01 20-Aug|Masware MANYARA 35.71347 4.06958 1,066|gneiss
Ha01 20-Aug|Balangida lalu [MANYARA 35.25523 | 4.70477 1,118|basement
Ms01 21-Aug|Msule SINGIDA 35.06760 | 5.10671 1,212(granitics
Ta0l 21-Aug|Takwa DODOMA 35.13322 | 5.15603 1,244 granitics
Mp01 21-Aug|Mponde DODOMA 35.10281 5.28361 1,229|granitics
Mp02 21-Aug|Mponde DODOMA 35.10293 5.28284 1,214|granitics
Ko01 22-Aug|Kondoa DODOMA 35.78966 | 4.90346 1,385(gneiss
So01 25-Aug|Songwe MBEYA 33.18213 8.87427 1,121 |travertine
1101 25-Aug|llatile MBEYA 33.21126 | 8.89121 1,072(travertine
Ra01 25-Aug|Rambo MBEYA 33.20984 | 8.88503 899|travertine
Ki0l 26-Aug|Kilambo MBEYA 33.81793 | 9.36253 984|volcanics
Ki02 26-Aug|Kilambo MBEYA 33.81777 | 9.36403 1,031 |volcanics
Ma01 26-Aug|Mampulo MBEYA 33.79546 9.54955 954 [sediments
Ma02 26-Aug(Mampulo MBEYA 33.79627 9.55239 sediments
Ka0l 26-Aug|Kasimulu MBEYA 33.76252 | 9.58319 1,025(sediments
Ks01 28-Aug|Kisaki MOROGORO| 37.57241| 7.51107 525|sediments
uto1 30-Aug|Utete COAST 38.76907 | 8.00640 5[sediments
Ny01 31-Aug|Nyongoni COAST 38.85676 | 7.82700 70[sediments
YERLRE PR WGS 1984
GRAFER)
JICA WJEC and MMTEC
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77V MR T 7V T HIEAGH RS AR D {E WE - Wl IR A TZ7AFI s LER—F (P =7)

#F -7 ERAKREI R OKET— X &

sample air temp | water tem H EC
nan?e date place C . C : - I?OC) mS/m

Na0l 16-Aug|Lake Natron 32.3 50.5| 9.7 (48) 1,050
Na02 16-Aug|Lake Natron 32.3 53.1] 9.7 (50) 1,530
Mn01 17-Aug|Lake Manyara 26.1 70.8| 9.5 (62) 280
Mn02 17-Aug|Lake Manyara 26.1 62.9 - -

Mn02' 17-Aug|Lake Manyara 26.1 65.4 - -

Ey01 18-Aug|Lake Eyasi 17.9 48.6| 9.3 (45) 1,010
Ey02 18-Aug|Lake Eyasi 28.3 35.7[ 9.1 (34) 270
Ey03 18-Aug|Lake Eyasi 28.3 36.6 - -

Ng01 19-Aug|Ngorongoro crater 23.1 34.4| 7.7 (32) 38
Ng02 19-Aug|Ngorongoro crater 23.1[sur21/deep23| 7.9 (24) 31
Ng03 19-Aug|Ngorongoro crater 25.0 27.2| 8.1 (27) 34
Ba0l 20-Aug|Masware 21.2 409 7.4 (39 270
Ha01 20-Aug|Balangida lalu 25.0 32.7 - -

Ms01 21-Aug|Msule 24.2 37.1| 8.1 (36) 350
Ta0l 21-Aug| Takwa 31.0 359 7.8 (35) 290
Mp01 21-Aug|Mponde - 43.3| 8.3 (33) 241
Mp02 21-Aug|Mponde - 454 | 8.6 (33) -

Ko01 22-Aug|Kondoa 26.4 30.3| 7.3 (30) 228
So01 25-Aug|Songwe 27.5 74.8| 7.0 (65) 730
1101 25-Aug|llatile - 54.1| 6.6 (54) -

Ra0l 25-Aug|Rambo 32.2 79.2| 7.0 (68) 728
Ki0l 26-Aug|Kilambo 28.3 61.5| 6.9 (55) 1,013
Ki02 26-Aug|Kilambo - 57.4| 6.6 (54) 1,030
Ma0l 26-Aug|Mampulo 30.9 56.3| 7.1 (55) 1,016
Ma02 26-Aug|Mampulo 325 52.7| 6.9 (47) -

Ka0l 26-Aug|Kasimulu 27.4 52.6 | 6.8 (40) 1,025
Ks01 28-Aug|Kisaki 36.2 72.3| 7.0 (62) 721
Ut01 30-Aug|Utete 43.0 54.4| 7.0 (54) 436
NyoL | 31-Aug ?‘Lﬁr;?‘::‘\:er) 37.6 67.2| 6.7 (66) 2,230

(A A ERR)
JICA WJEC and MMTEC
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TZ7AFI s LiR—F (Fo¥=7)

# 11-8 Sk —E

sample name date place Rock name Thin section X-ray Spectrum
Na0l 16-Aug|Lake Natron |basic volcanics O O O
Na02 16-Aug|Lake Natron |basic volcanics - - O
Mn0la 17-Aug|Lake Manyara |gneiss - - O
MnO1b 17-Aug|Lake Manyara |evaporite - - O
Ey0l 18-Aug|Lake Eyasi evaporite - - O
Ng01 19-Aug|Ngorongoro crater |sediment - - O
Ba0la 20-Aug|Masware gneiss - - O
BaOlb 20-Aug|Masware sediment - - O
BaOlc 20-Aug|Masware sediment - - O
Ha01 20-Aug|Balangida lalu  |sediment - - O
Ta0la 21-Aug|Takwa granitic rock - - O
Ta0lb 21-Aug|Takwa sediment - - O
So0la 25-Aug|Songwe travertine - O O
So01b 25-Aug|Songwe travertine O O O
Ki0la 26-Aug|Kilambo travertine - O O
Ki0lb 26-Aug|Kilambo sediment - O O
Ki02 26-Aug|Kilambo basic volcanics O O O
Ma01 26-Aug|Mampulo conglomerate O O O
KaOla 26-Aug|Kasimulu sandstone O O O
Ka0lb 26-Aug|Kasimulu silicified rock O O O
Ks0la 28-Aug|Kisaki travertine - O O
Ks01b 28-Aug|Kisaki travertine - - O
Ks01c 28-Aug| Kisaki sediment - - O
Ut0la 30-Aug|Utete sandstone O O O
Ut01b 30-Aug|Utete travertine - O O
Ny01 31-Aug|Nyongoni travertine O O O
(FAAHIERL)
JICA WJEC and MMTEC
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

(2) B A A B
1) AefpdE
+ b ; Nao1, 02
AHLRIET b e AHOPERISAE U IR RII LRSS R ET HENE O L Twv
%o Wb mIRORIREHIEEIX 53.1°C ThV, £ pH LEBEIEEEIXENEN 9.7 &
1,530mS/m Th > 7z,
ARHLFIZIZEE A DO LRAEE DAL A L TR Y . WiEE & HEE SN DI13E N-S FHn
DYV =T A FRPAFEICFREEL TWD, KIS OFRIEFUITRFREI A T L TV 5,
BEBEG TIX, 7 b e OB FICIXE CHE R CHEE T 5% 2 GV HIRIR DS 8 Tl
LI, ZIUBITATEE RICREA R A Y v 7 2B L TV D,

NaO1
1 Lake Natron

‘TE 11-1 NaO1 Hh

~ =% Z1#; Mn01, 02

ARSI T N e O TERISALE L, WL OOIRED, RO REEE IR E 35 B
PEHERER) O BIBH LT 5, IRER RS @ VVIRIEOIRE, ph K OVEREEEIXENEN
70.8°C . 9.7, 280mS/m THh ~ 7=,

AHFIT AT 2 A ERICIE, WiEE S HEE S D NNE-SSW DU =7 A kA
B ICHEL TV D,

TE 11-2 Mn01 Hi1 A
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7 7Y S ST 7 U o B AR B I U - MR ZrAFN - LAE—F (FHF=T)

T ¥ I1#f; Ey01, 02, 03

AU T = O BRITALE U, IR IR C b D RERE 2 HiE M L, R
(I A 2 P D BT STV D, TREED i b B VRIEOIEE, ph & VB R AsE
ILENE 48.6°C . 9.7, 1,010mS/m Th 7=, AHRITIZEME TH D MEED A0 L,
Wrig 2 & HEE 4D NE-SW HD Y =7 2 2 EAFEEL TV D,

PR E T ORI, WIT oA $ 5783858 RIC, FFE 72K DN 3 8IEE S
NHZ s, FUMERHETHNT LI EEXL LD 4 FEITORR MR S,

‘TE 11-3 Ey01 %

vaurgdu s L—F—;Ng01, 02,03

vanyrgdu s b—4—WNIZ 3 EATORR SRR Sz, HisS Ng0L OISR T4 L O E
TORBEFEHERD > HEHEH LTS, BRI 34.4°C, pH 7.7, BXUSEE X 38mS/m T
b oTo, RHUFIIEEALO KILEEN A LT\ D, FEREER T, R 722 ST
D B, WIS DM T AKOIRAUZ L > THE SN TWD EEZX BLD,

G 11-4 NgO1 Hit s

~ R U L; Ba0l

~ AT VHEIE A AT OALITALE T 5, IR RITEE < ERH2 RHE /340 T 2 RIE 22D )
SIEHLTRY ., FEFICITBIATER SN TS, JEHEEIX 40.9°C, pH 7.4, BXIREE
1% 270mS/m Toh o> 7o, ARHRIIZEAR O FrpEE? oA L, Wi E & HEE S 4D NE-SW 7
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

BOY =7 A2 bRFEEL TS, BRI I, PTG B 5 R
B bR, ZOWRIE, AREDRYIORE TH D,

HEL |1-5 Ba0l Hi

NFY (NT X F-TF V), Ha0l

AHEIL, NT XL -T MO FEIALET D, RIBITARRHERY C b 2 RERS 2w D
FABEHIH L TR Y | MAENELS BET D L a2 A L T\, @ﬁmfi%7c1%
%o pH X OVERUREEE L, RKITKIZE DIHELREDTED HDHTZOHE LTV e, ARHLEIZ
%ﬁ@ﬁfﬁéﬂ%ﬁt\ﬁ@%&%méhéEMW%W%W@):?%/EW@%K%%
LTW5, £7o, AHIIZIZ, ENE-WSW DY =7 A F33EL, 2OV =7 A b
MNWSEU:7xVL’i@%%%%w@mém6

BREB TIE, KRIHPEWES BET DHEENBILZEIND,

U FEEES, Ms01, Ta01, Mp01, Mp02

AHEIZ S X OFEFRINET D L2 — LHIKIZOLE L, JEWREAE 2 £F 5 15 & #2358
ELTWDEROR S EWEHIEEIL37.1°C TH Y . Z? pH i 8.1, B L X 350mS/m
Thotz, ZOERRBIT. SEOMEICLVBED THRE SRS,

Ms01 Hi S oD ft, Ta0l, Mp0l J OF Mp02 i siZid, AR OERIEEN S LT\ 5, WifE
B EHEE SALD NE-SW L TYNNW-SSE D U =7 A2 R3pAi L, BWNZERZZE L TV 5,
TERREHNIAIE DY =7 A FOFRHWEHEE SN D, KRIBWITIZERO X 5 oA
BIZHRELTRY, HEER ETHLZOREARE STV, 2B, AHIRO 2 TORER
AR FINTINTAIE LTV B,

JICA
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

™ ; o __ = 5 -
oo RPN T AR ™ 2

= - Fault scarp
——

GHE 11-6 Ms01 Hi S

2y R7; Ko01

AT R HICAIE T D, ERIIEYICE VFESHL, 2 v FT7 ot~
3mmwmmw®$%%mkbfhménfwé JER O IR E X 30.3°C, pH7.3, EXIs
WY 223mSIm Th o7, AHRIZIZ YT T VR0 R AN 545 LT Y . NNE-SSW

FHRDOU =7 A2 MBRBEFITHEELTWD

HFHE 11-7 Ko0l Hi5

2) AT HUE
Y > 77 =; So01, 1101, Ra01
AR, A HTOTER 30km OHLE D Y v 7y 2 JIERITAIET 5, AHSICIE RS
D kT AR=Fr (REBEOSTHY) D5 HiL, BRIZZO N T S—F 2 TR SN S
L vmEH LT\, RO HIEREII&AE T 79.2°C, pH7.0, BXIEERE X 728mS/m TH -
776
AHIRIC X IR O K LA IA S 43 L TR Y . NW-SE F O @ NIE IR EL T\ D,
IR EABD N T N—=F LN OWE L ATRENBICET 5, I AN—FUd, AT
WRT DR 10m L EOEXTHY | AR TH o2, ZOMMIRES L, #hE o HiRiEc
FVREZET a7+ —LHEE R LTS, b I A—F U OREITAHEROME K OVEAIC X

DL SN TS,

JICA WJEC and MMTEC
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T 7Y 0 WU T 7 Y S W AR S AR 2 A - TR A A

‘T.H 11-8 Ra01 Hi1 %

¥ 7 v Ki01,Ki02

ATV > 7 K LD B FE B 30km BEAL 7T D2 RICALE LT D, IRIR IR
HE LRI BBH L TR Y | I AN—=F & o T 5, iR IR O TR 1355 T 61.5°C,
pH 1% 6.9, FEXURIEEE 1T 1,013mS/m T o 7o, AHAIZITEE AL O KILEFHA M L TR,
NW-SE i OWifE NBEEICREL TV 5D, IRRIIHTE L FRARFEOENENLEHL TV D,
TR TR Z 200m LA RIS A CIBBFC & 5, IS T 2 LA id, £ lem DL NOf
KAEmEE ATV D,

HHE 11-9 Ki01 i1
<7 1; Mall, Ma02
ZOHRIEY T R KICAE T D, WL ODORRS BEEOEINE LV EH LTV 5,
TSR O IR EE 13551 C 56.3°C, pH 1% 7.1, BRIREE I 1,016mS/m Th o7, AHLRIZIX
BEA & OB Y 23 Fl L T 0 NW-SE H R OWIE NS CTH 5, 2 b OIREIT NE-SW
FHIOFFVENGFEBH L THY . 2D OFHE AR & 0 EHTER TR < B — 2RO
IR LTV D,

JICA WJEC and MMTEC
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T 7V AT 7 YU A BB AR D TE B - TR A TZ7AF N LER—bF (FHF=T)

B 11-10 Mn01 1,5

B AV Kaol
AT~ T U 4 L OESITEN T ¥ AVHIXIZALE T 5, BHE RS O D> D IR IR 35
HLTEY, ZORIEITHKET52.6°C, pHIX 6.8, BXUSEEL 1,025mS/m THh -7z, K
WA A L TR Y, NW-SE FROWifEnsE L T\ 5, B TIX NW-SE JFmdElh
HIGWICEALDZSRBD Hiv, TOENEREIZIIFMBIRBO BN D,

BHE 11-11 Ki01 Hi
3) LT U
X 3; Ks01
AT R HUE N RRIALE T D, RIRIIRESHEED R O3B LT 0,
%ﬁmymr“;t & T 72.3°C, pH 1% 7.0, BAAREEIL 721mS/Im Tdh o 7=, AR[EHE 0 55 VU HERE
W CFALIZ RN AT 5) ICBDILTER Y . NW-SE oW N REEL TW\W5H, TL
7»m&w74 CHBE ORI HEET HWIEIR M 2 DOIRER A LT 5,

JICA WJEC and MMTEC
54



T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

THE 11-12 KsO1 Hit s

777 ; Utol

KHEII 7 ¢ D) OFEK 2km O 7 F FRICALET 5, IEFITEIR G ORI HIEH L
TW5, IR TR T 54.4°C, pH 1% 7.0, BXUSEE T 436mS/m szpoto RO
JR N 75>r“< ML TEY ., NWSEjﬂ'W)) 7}/1\75>n,h&>%h575> Z DFERREIX
3V, WEICIIRBEOBLERDOIRS ABANI R E L T2, B0 KERISENIED b
7200,

HE 11-13 Ut01 Hit 5

=arI=vAAJI); Nyol
AHEIL, VT 4 IR ONVKRA O, =z > T =FHNANLET D, IR ITARERESE
I VBHLTREY, FIA—F U &2 Tn D, MHTICITmM L mAREEL TS, 3
R 1355 C 67.2°C, pH X 6.7, BBRAE AL 2,230mS/m Th o 70, FHIUALO AR EFEHERS
WS IR B, NE-SW 5 E NW-SE S D U =7 A > FIdAE7ET DA IChE LT 5,
TR O H AP IX 300m X 200m WU 5 IZIAAS > TV D, IR O K RIGEENEIR D Hi/an,
No01 Hi 57> 5 AL HIZH) Bkm OHIAIZ E 5 1 DDOFEKHS A H Y . Z OHSIE NE-SW 7
MDY =T A MRWIIAET D,

JICA

WJEC and MMTEC
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T 7V I IR T 7 U S BB R AR D EHIE - R a TrAFN - LBE— (B HF=T)

B EL 11-14 Ny01 Hi S

JICA WJEC and MMTEC
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7 7V HUS T 7 U MR AR N - R TrALFN - LE— R (FrF=T)

(b) BLHBRE RSO EL

B X0 S LR O i, pH R ORI IE D 4 B 1-22, [ 1123 L OV
1-24 [ F AR LT, £, RROKEIZHSOWTORBRKZR 1-25 1257 Lz,

RIBDOEWIRRIL, LAY HUKO 7 VAR HLED 79.2°C, V7 ¢ VHBRO X4 150 72.3 °C,
ILHMIED~ = % THO 708°C Thofe, 7 RMAL~ =% THWOWRORIEE L TIRHN
FAILDVE SN DA, AEEBHIIC BN TIEAL R A =5 - Ly kir Fay o klis
Mk &\ E T ASTHITIIA Y 7 = KILR ERST 5,

i VT 4 PHIBIZ OV TR O K LEBNTHRE S TRy, 2L, BEfF X
(TANGANYIKAsheet) Tik, #/b—ROHEREHFIZRHMURFED XGE (Volcanic vent) DFE#EIAFR
Do d,

TEIRKD pH 12N TIE, ALEBHIUEAM O Mgk & i L TRoREVMEE R T, AT LT ¢
UHIBO pHIRIFIFHETH 5, MIROKILIH ADFG 27/ $ RO IR SRAKITFE L2,

S O BAUSEIEIE . Ol BT W L T\ MEOB A HF R TS Bk BRI & -
TAR LIRRKTH D 2 & & RIICRT, LnL, F b e rile = Mo BRUREE I
1, 000mS/m LA E & FEHICEMES R LCE Y ZAL S M R OHE S A3 8 s Ak D R
BTSN D,

JICA WJEC and MMTEC
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7 7V AHUIEHT 7 ) A HIEABH IR (AR D TE IR - fERR RS TZ7AFN - LER—F (ZoHF=7)

oo E R EEaay L e W e

]
o k) ='ﬂ"‘l B ' 0uE ar aﬁ'l o e ' !'Il'l

GRAF1ER)
11-22  ERORIBSARX

JICA WJEC and MMTEC
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77 I IR T 7 U Ty BB (AR D (AR - ERREE A T7AFN - LER—F (FHF=T)

STy anga

(AR
11-23  {RR O pH 346X

JICA WJEC and MMTEC
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7 7V AHUIEHT 7 ) A HIEABH IR (AR D TE IR - fERR RS TZ7AFN - LER—F (ZoHF=7)

B AE WL Fa iR e I an W AYE O

SINyanga

Woeya

oy

. 1531 - 2230
.r-"r 4

P W oo - w ove w own ar oot W e W oo
o 50 100 200 Km
1L i i i 1 i i i 1
AR ER)
11-24 RROBLUARE L /3 A X
JICA WJEC and MMTEC
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77 I IR T 7 U Ty BB (AR D (AR - ERREE A

T7AFN - LER—F (FHF=T)

11.0

10.0

90

80

pH

70

6.0

50

40

20 40 60

Temp(°C)

@ Northern area

B Mbeya area

A Rufiji area

80 100

500

20 40
Temp(°C)

60

@ Northern area

B Mbeya area
A Rufiji area

80 100

11-25 R OKE ORI

(R MR

JICA
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77V HHIGRT 7 U A BB AR D fE B - TR A T7AFN - LER—F (FHF=T)

2. ASRRFEXIZ BT 2 I

HEVER 2 M T 2 72D O REREE L LT, EERT —HX D 12 Th D HRAREIZ OV TORE
WINEEFT- 72 (K 11-26),

HAARARIZ TR O 3FHICK Sy STV 5D,

- ESAR, ENARGRERX, BERREX

2ETCENARIT 12 » T, ENAREREXII Tur Iaff#X 1y iiosk, BEMREXIE
16 » I ZNENIRESN TS, ZHUIz, 7 he il TiE T 2 — L5002 K 2 1BJFU N
RENTWD, BUTETIXENARN T YO NN RiEENIZ s Tng, vIrrdn
TR X CIRHLH~ Y A RO AT AR D DR B 2 BR & ENL AR & R LB E e o TV D, FERTR
EXTIEWL OO DOBEEEB OBIN 2R E | AAWRIFENIEE LI TnD, b HARREX
Do AR %X 1-26 [ZR LT,

31 32
14 2 5
12 13 3
6
4 9 8
15 /
1
6 17 10 11
18
19 23 30
20 24
22 25 28
21
29
(TANAPA)

1. Ikorongo Game Reserve 12. Buiigi National Park 23. Muhesi Game Reserve
2. Grumeti Game Reserve 13. Biharamulo Game Reserve 24. Kizigo Game Reserve
3. Serengeti National Park 14. Bubondo Island National Park 25. Rungwa Game Reserve
4. Masuwa Game Reserve 15. (unknown) 26. Ruaha National Park
5. Lake Natron Ramsar ~ Conv. 16. Moyowosi Game Reserve 27. Udzungwa National Park
6. Ngorongoro Conservation Area 17. Kigosi Game Reserve 28. Mikumi National Park
7. Lake Manyara National Park 18. Ugalla River Game Reserve 29. Selous Game Reserve
8. Kilimanjaro National Park 19. Mahale Mountains Nat. Park 30. Sadani Game Reserves
9. Arusha National Park 20. Katavi National Park 31. Ibanda Game Reserve
10. Arangire National Park 21. Uwanda Game Reserve 32. Rumanyika Orugundu Game Reserve
11. Mkomazi Game Reserve 22. (unknown)

X 11-26  HAIREX DOALE X

JICA

WJEC and MMTEC
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

11-5-3 HiE 75 4

=T OB E OB AKX 1-27 1289, TV TROEANE T =T DK
WA EBSTWA, Flm, HIERMGE T 7 THROEARNITH 7V THUED S A5 L
TW5,

(JOGMEC, 2006)
X 11-27 X W=7 OME K OHE &

ZUW=T 7T M ABT D MAEROEAT, EEEROEEEIR. AR ORRERE 7
U=V A MU EGATWSD, B, BGE, B S Oicdbii ClRAROE R mAER S o3
=7 7T R ERVEBNTNWD, 77 oWl EEESORAENREAOREIZEE L THFRE
ERAETHY ., ARENELDVRIELTWD, —F, 77 ol TR E, ks, s, K
HARETHD, FICH U F=THEEHCTRE - IV—EDORENE 7 ) THOEAIZHR
HLTWD, FAZHERDS | IEHERT S SIDEEICIR > T L TR, 2D Bz 5T 5,
BN TR 2 R OMEERE N G ERE S A T THIEICh=0, N b AEm, RLIA4 b, *
YR—=F 4 b B—RFEA b, fERE, NESERERD D,

AU =TECEBTLY 7 R AT A% N-28127-7, U7 AT AEHY 7 b (Eastern
(Kenya) Rift) &U\E) 7 Mot END, WY T ME v S SAE 2 o =T
R LTEY . HEREIIAE IR g, M clixhgit gl L Sh s, U7 FofsiE
X, EAERBHOT Y E— s BEBNTELTWS, U7 MNTRETSHEIX, £ O R
TO R—LfE & KINEENIZ LV BRE S, Sl &R MEgiE & nN—7 7 7 —_NUMHEIC L - T
Mo ond, KILEEREREE~ NI 4 NEOMEKE R L, BEIREEZRET D, 5l &#Hi<
NZ A DT — M N-S HOBH AW & BE L Cofi LTV 5, FIUAICIIREOEEE kL
ANEHL, V7 FEEEL WD, —JF, FEETIX Ol Doinyo Lengai L 9 727 v U A K
=R FZ A NEDOTER IR KITEIDNRBDO b D, DO —RFTEA M7 T M EHOR
FEBEZ DI, TA— Y TREOMET/INIBZRY 7 F3FEL, F U~ Yy r [UELTIE
TNV EEEDEBEL TWD, 2O OIFEBHLIFRICY 7 M YA O BB S K L3 53
L, U7 M~ 7 <IEEBMHEE L TWD 2 EBbns, T NHEEIRE LT CEE L
Th b,

JICA WJEC and MMTEC
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T 7V AT 7 YU A BB AR D TE B - TR A TZ7AF N LER—bF (FHF=T)

(Omenda, 2010)
B 11-28 Y =7BIZHBTHY 7 hv AT A

Y7 MIv427 MY THOBERICH>TH L, #o¥=7 « 77 b OfGEELRIT 5,
ZOV 7 NI N—T 7T —_UEEEZR L, BAOEMEEZES Z LI X o TR
BiLd, Flo, Y 7 FTIEEEY 7 M, KINEE/ MU TH S, Y 7 FOKILTEE)
2330 Ma lZBRtg S 7zolzxt L, Y 7 FoZUIT A= MHdEE TiX 12 Ma, # o =—%
UZ7 hTE7Ma &EENT05D, TAN— MHBERIET WN— R 7T =X L&, £ O
TIEKIEEIA R SN D OO0, FARPI D OHREENES A LTS, Y 7 hok
BIEENI K T A AU K~ 4 v 7 O K-Mg B K LEE DR 2 ~d, KITEE TR er
VAR CHRE ISR NG, Ao ===V U—<F T4 (LI TRM E#95) U
7 MIFAROBEOEE I CKFE INTWD, ZOMITIXENE, ~—7 77— HEEN
2Ty TROWEIZ L > TRESIT oD, ~T7UA Y7 MNISHIZHFDOEYF  E—2r UL~
MOV R AR T =Rk T D, o H=—H VT e~T 0407 MIIENHERE N
i L, BEIALKIEENIEEO LR, LinL, # 2 H=—H oL 70 = HiEBIZO0

TIE, FEALKIIEE NGB b D, T 9-7 Ma R BRAE S 7= BB RGO K ILES) & % %
B, BT NE-SW DU 7 hEFESTWD, ZOLHIETHY 7 MW Tbr=71 7

N OIER Th 2 FBKINEENRD b D, FHIHEEEZ HID DN LVIZET 25Ukl k
(LGS & BE 95 86°C DIRRIAI TH D, ik HE - HEHEE % ESE-WNW J5 [ O Wi TR
LTS ET V2K 129 (12T,

JICA WJEC and MMTEC
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7 7V R 7 ) J HEAB R A% 2 A - R o L b (B H =T

(Schluter, 1997)
] 11-29  ESE-WNW J5 1 o> BT il 7 /1

B Y = TITRIT D EVETRIRTE FTREMEHII 2 X 11-30 1Rd, B X iz, =70
WO - MRS AT 5 & . RO 2 Mo MR TR S B, b,
b= b OEEEAECET AT A — v il (F=7 U7 R ROULY T =7 FIOREIC
(BT 2 AT (F5Y 7 NEgER) O 2 Mk T b 5.,

(Omenda, 2010)
B4 11-30 & =7 1Tds1T D MM & 3 S A

7C03{1410)%?3“%{%9&@5[%‘%@%@g; L"C&i/yﬂ/ix"f?‘—‘b\ﬁ?@ﬁﬁ 160km &C{ﬁ%j—‘éﬂ/ﬂ?
A Ml B b D, ZOHUETIL, # > =7 First Energy Company 7% 1998 47> 2002 41
A A SN LD, 2 OFRAITHIEAD PR A C EiE S TR Y . 200°C Ll EORTRE

JICA WJEC and MMTEC
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T 7Y AHERT 7 U A HIEABH SR D TE ISR - ReRR A A T7AFN - LR—F (FrHF=7)

RS 2 R T HEGRRNEE SN TWAS, B LV —BEELEONFO MO WNHIBR A L TEY .
FHEOTY 7 )7 N EWITT HWEREOIEER LICH D

1. 7L —3  Hiulg

=7 L OEBEATICAET S T b — v HIBICIZ AV 295 — At & 0 Bl - Z2io T o
BANARETH D, T e AL OMEIL, ZiCaERET VU KIS O X5 e ERUK
LA DIEENZ L > TRHES T SN D, U 7 FORHRRKITIZTZEOBEE TR i, FHHEHKTIE
HRITOWIBTEENZ L0 27 v ZROMR LI HERSE & 72> TV, PERTIED R E D 10 £
UL EOBETRA RS S, Wi ClImaix L 0 W oW R8N K v R 2R3, U7 b
BRI &b EHBGOWBIZL D N—T 7T —_UROBREE R LTV A3, %@%@ﬁﬁ@m
JETEENC XV S TR 725 ) 7 MEEIZAE L TWD, 0%, B TIEALEKIIES
BORREL, ZNHOWEEZHEL TN D o_@ﬂﬁ®km&UKM@55¢ij%L%kb‘
K OB OEAHKIZ s To EHEESN TS, 2D H B D Ol Doinyo Lengai K ILITEBLHEIZF50
THIEENZ T, WEIEE L D SHBOIEEI CTH L Z Lbnd, LnL, WiEoZEMIsd L
HRE LR BRI OME - WERESI MR EET LV OBICH E > TS, T heviflo
HEMSET VER N-31I27R7,

(DECON-SWECO, 2005)

X 11-31 7 ko AHoMESET L

2. Iy Hide
I 7 = KB IE T 5 AP HUIRIZIZZ L= 235 — ATH L 0 K - 2207 7 & 20
FRETH D, LRXTYHURONNENOZORLADY) 7 vy AT L %K 11-32 12777,

JICA WJEC and MMTEC
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A TZ7AF N LER—bF (FHF=T)

(Delvaux et. al., 2010)
1-32 AV HUROAEKR REDELDY 7 T AT A

Delvaux (Z7%> (2010) %, SRTMDEMO90, ZEH 58, HifE[x], HVE X % Fv 7= BLHIES AR 12 K 0 5%
AIZRRA A2 FEhE L TR0 . HEMEOH - R ThTngd, Zhtkde, v 7 o=k
(LIX (Rungwe Volcanic Province, LARE RVP & F5d2%) 13 ENE-WSW J5 [0 D KR 72 e R AE &
NNW-SSE 510D fe/NEMEZ £ D EMF M OBIRY IG5 5, mANEREEL TINHD
WIEE AT S, MRESEZ EEI S T2 & & bIc, BULY 7 MESEREY & OUK LA FE % EWT
JERIZE S TEMSHETND, T D OEEITKECHEROMCEELZ LEL TS, K-AriEKk
D U-ThIEFERIEIC LY, I UHIEGRITE L% 360 ka ATCISBEI 2 Bls L7 L E S D,

RVP (X7 7 U AHEH O Y 7 KD 7 hOSAEEICHT=0, mLrr7 vV 7~ kAT
A (=T VI RS 7Y 7 MEREAO ZEHSE2 KR L WD, ZOBEICIIHRAE T
(ZEPE D DR 72 ) 7 NOEEND D, RETOIEEHNIH ARG L Sh, v 7y = KA
OFERJPEIZ LY 1.5 Ma A LV EBEAICTEBI A 51T T D, M aZHIg o HUE A O g Ci, Hh
TR DO FHEENIIEWBICIN ) BAMEIC KR SN TWD, #IEOIRRYAIZLZ U ) 7 FROHE~
TUAY T MERAOEBII KA SN D X DT NW-SE FEIZES L T\ 5, it 0.5 Ma Tl
NW-SE J5 181D /K5 3R 0 I 7 B OV NE-SW 5 181 D K ST BRI 1312 &= TR A& 161 7 [ 28 D
HEWE PR ST D,

3. B0 DENRERRS R
B e 5 D e A DRI A MRS D BT a1 DR TEMEEEI 22 . XRD o871 & O bt
AT MVHIEZEIT- T2,

JICA WJEC and MMTEC
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77V HHIGRT 7 U A BB AR D fE B - TR A T7AFN - LER—F (FHF=T)

1) & B R
AW OBIERER, B RBKEE ORI b oo, DATICBIEMHR AR~
éoit\%ﬁﬂ@ﬁ%@%ﬁﬁ%v~%%%H%ﬂzu%bto
Naol ; + be i
AT E LRE TH D, AT 0.2~0.3mm FEE ORHR A ORE S & 0.1mm LT
OMEA XV D, AEOKLT T 2AO—HX, B0k EEMICEE LT\ D,

So0l; Y/ U=

HEARTRALVBERIND NI AA=F U Th D, BERME#EZRL, R
Ttk a R,
Ki02 ; 7 &

BAFZZRAETHY | BERIIRRA LHEAND R D, AFEITKINT T 22 FERE L, A
I 5N ROON D, REATFHETHY . ZEITRD LR,

Ma0l ; =71

AEATEESE TH D, AREFRE LTCEECH S, — ISR O RERID 2 11 5 . B
ERERLT DAL, WENELE AT, WEEIEE ISR EL L, B0 RERSLY R
oD,
Kalla; ¥ AaH

HATWETH D, FITARNLRER I, BER, REREMIRO 6ND, EEHIZ
IO RERIY &R I ERO Hivd,
Kallb ; #¥ Anm

EAIZEICAENOHER SN DA TH D, M ISPt a0 RN EZRHIEM RO b D,
Utdla; V77

HAZ, FEAEAERNOERINDWE Th D, BTN 72 AN Z BRI K O 1

DO B D,

_l

2)  XBREIHT A ATRE R

X BREHT AT LV RE S NI O—F AR N9 1R Lic, o OfER, s S 7ol 18k
WX, WAV FA M AXATHEAL b, 474 FZLTURBEIEM TH D,

ALE I D Na0l (F Fa i) OXRANDIX, B4V FA MERAXA T Z A M3 ENT-,

LRV HEE D S001 (V> 7T ) D T A—F NI F A DIENRE B S S, Kiol
(FT7UAR) O ITR=FUNBIEITADHBE STz, Ki02 HiE(F 7 RO LRGN HITA A
I HA SR E T, Ma0l (> 7' 1), Ka0la 2OV Ka0lb (73 am) HuSOWE « Ba» b
IIA4 74 b, AV FA N EWNREESEM DR S,

VT 4 UHBE O Ut0la (U7 7)) ORYENDIEA 74 M AU T4 R B3EE iz, Ks0l (¥
HX), Utolb (77 7) RONNY0L (=3 3=) O LI _N—=F N3G RANGL Y | Ut0lb IZHE
RINTAEROEAITMEDEREZ X 5N 5,

MEIHE L TOFIFTA N, AATZA NROA TA MBI, —RICARA T 24
%k474bi$%®ﬂmﬁﬁ LV IS, BAY A MIBEBUKEEIC LV RS
ET, BV B B W TR ABDEIL AR & L TEBIIIIER SN D 2 EAMBATWD,
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7 7 ) AT 7 U 7 BB (AR D H IR - RERRANA T7AFN - LER—F (FHF=T)

A Bl D BLHIFR A S RSB ERBIZE OFE RICIB W T, BHERBUKEEOEMNIGED b o7 2
EMBHERIT D &, AV A FORKKRITEAICE ENDRAFOBALAERI & LTI S 1
ebDeEZOND, AATZA MIOWTE, THEREOBKEE TR ENL Z b, X
BEDAA T Z A MTOWTIE, RRKE DRISIZ L VIBL S NI AT REVEN R T& 5, 14 74
MZoWTIE, WA EEeE ORI TR STV a Z Ennh, MR R #iE Shd,

£ 11-9 X BRI o4 R

Bulk specimen (Quartz index) Oriented specimen
- (V] () B
Sal\rlr:)ple Rockname | B | 8| o | § | 2 .*g sl | o .42 jq:‘j 3 5
. S %) o X = %) o b= = [&] <
sl =2l E|e|2|s|s| 2= gl B
o & 2l °] £ © 5 ~ @ E
O
Na01 basalt 2.7 1.9 (ON O] (feldspar.pyrite)
So01a travertine 21.0 O (cal?ite)
So01b | travertine 18.3 o
(calcite)
KiOla travertine <0.5| 6.0 O .
(aragonite)
. . O
Ki01b sediments |194 | 3.4 0.5 ON NONNO) (quartz, feldspar)
Ki02 basalt 1.6 3.8] 1.1 @)
MaO1 | conglomerate|49.1 | 2.9 0.6 Ol O (qu(a)rtz)
KaOla sandstone [13.3 0.6 2.2 O O
silicified O
KaOTb sandstone 350 O] O O (quartz)
KsO1a travertine 154 O
(calcite)
UtO1a sandstone [67.4| 1.0 1.1 ol O
. O
Ut01b travertine | 3.6 | 2.7 12.9 Ol O (quartz, calcite)
. O
NyO1 travertine 23.8 (caloite)
(FRA R ERR)

3) A~y b LHIE ik

A DI AT FVAEL, S AREHT S E D0 HH A iR L. XRD ORI A # &
ﬁéﬁMT%MbtoXmﬁFWﬂEHEéﬂtf%%%Hmxﬂﬁ‘%ﬁﬂ@ﬁ%x“7 %

EREFICONTIE, IR 3ITRLTH D,

Kﬁ%f@mtt&ﬁwi@&%fﬂ%l%&%S%mﬂ@EW CHIY A, K O1-33 1%, KE
HEREFTOANRT NTAT7Z7 V) —X0, WAV A N AXAT7 24 NEOEY HA
N (4748 OREAST MVER LT, FEEARIMEIZ IR T80 IR I\ 8 DR
IWH BB D, 2D DWIATIE, SR ZAERL T 2 K307 v 2 =0 b LKER{E L] (AI-OH)
REDFTFIRENTERT 26D TH Y | £ DOWRIHF DALE IR OWTE DR B JA) D[R E S
LR OHEE N AIRE L 72 D, BIZIEX 1-33 IR LAY FA DAY FVIZiE 2,200nm
FHEICE M7 2 T Ly FERIEY a VX —RBNL Z L2 L VBl Sh b,
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T 7Y AR T 7 U BB 5 AR D 1 HUE - fERR A T7AFN - LER—F (FHF=T)

FIE SN0, WAV FA S A T4 (BUYA R, AATHA R, X"=IF=2T1 b
LOWAETHHFE N1-10, B4V F A MME, Kiolb (72 78R) X° Ma0l (> 7'1), Kalla,
Ka0lb (1 3 V) 70 & DR ESREHERY > D S 4u, XRD 34T & [RAR 72 R & 72 o 72, XRD
IHICARAZ Z A4 MR ENTEZHAED Na0l (F he i) KON K02 (70 R) DAY
RZONWTIE, AAZZA RARRD LT, Z O FITTEMSEBIZEN O L b k51288
DOFRFEPRRIIN =D EHEE S LD, (EREESAO Ta0la (¥ 27 U) hoid, BEROR(LA Y T
HHN—=IF T4 FRBRIHENT, BHIO T A_A—F o nbid, FEARRE S,

#F 110 A7 RVHIERS $

22l 2| Bl 2|2 .
sample name place rock name < § 5 2l § s N
NaO1 Lake Natron [basalt non—detection
Na02 Lake Natron |basalt non—detection
MnO1a Lake Manyara |gneiss o~?| O
MnO1b Lake Manyara |evapolite O
Ey01 Lake Eyasi evapolite (@)
Ng01 Ngorongoro crater|sediment 2.3 4 m absorption ?
Bal1a Masware gneiss o?| O 2.3 4t m absorption ?
BaO1b Masware sediment o207 2.3 it m absorption ?
BaO1c Masware sediment O[O~
HaO1 Balangida lalu |sediment O 2.3 i m absorption ?
TaOla Takwa granitic rock 0?07 @)
Ta01b Takwa sediment @)
So01a Songwe travertine @)
So01b Songwe travertine O
KiOla Kilambo travertine O
KiO1b Kilambo sediment O
Ki02 Kilambo basalt non—detection
MaO1 Mampulo conglomerate | O
KaOla Kasimulu sandstone @)
KaO1b Kasimulu silicified rock | O
KsO1a Kisaki travertine O
Ks01b Kisaki travertine O
KsO1c Kisaki sediment O
Ut01a Utete sandstone O
UtO1b Utete travertine @)
NyO1 Nyongoni travertine @)
(FA# R
JICA WJEC and MMTEC
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Doublet
80 ‘
\-\ﬂr’-—'—\’\ Kaolinite
?;, 60 W ‘\D@Jbict
S 40 {\\'\‘v
4 V \
20
13 15 1.7 19 2.1 23 25
80 Wave Length (¢ m) :
—llite
L 4 0
° ull v
o
40
13 15 1.7 1.9 2.1 23 25
Wave Length( ' m)
80 I
ﬂ /__ ﬂ — Smectite
£ 0 / ’_\/\\
i VvV \\\
20
1.3 15 1.7 1.9 2.1 23 25
Wave Length ( ¢t m)
80 ‘
N “"—\ Calcite
€ 6ol N | N
o
\ﬂ
°
L
‘o 40
o
20
1.3 1.5 1.7 19 2.1 2.3 25
Wave Length ( ¢t m)
(USGS)
B 1-33 KRB RS HHE N O TF A D 27 R L
JICA WJEC and MMTEC
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Reflectance (%)

Import file SO01a00000.asd_high.txt

Songwe (So01a), travertine

Mineral: calcite

31 T T T T T
1300 1500 1700 1ann 2100 2300 2500
Nanometer
Import file KAO1200000.asd_high.txt
42
397
)
o 367
(8]
c
8
o]
= 33
(&)
14
Kasimulu (Ka01la), sandstone
307
Mineral: kaolinite
27 T T T T T
1300 1500 1700 1ann 2100 2300 2500
Nanometer
Import file NA0100000.asd_high.txt
36
31
S
0] 267
Q
c
©
8
(8]
L 21
(&)
o
Lake Natron (Na01), basalt
167 . .
Mineral: non-detection
11 T T T T T
1300 1500 1700 1ann 2100 2300 2500
Nanometer
(FRAFERR)

X 11-34 AT R OVHIE RS B

JICA
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Tr7A T LR—k (P =T)

11-5-4 Hifl 70

M1-5-2 i

B4 CEREL Lf_ufwr@ SIRTHEEFR 1-11 12
7= ML AT X & (X 11-35~1X] 11-39 |Z

fﬂﬂﬁ ?‘{ml}_h u+

(o GHERUTIRTEEE-6).,

I, NRER AR 12 10, F

LRE R A2 11-40~[X] 11-43 L OV 11-13

#£ U-11 b5 - FNCARS BT 71k

ST Tk TE B BRI
pH pH &t (¥ 7 2 ERE) -
EC BRARE R -
Na 7 L— AR OTE 0.02mg/L
K 7 L— AR ROTE 0.02mg/L
Li 7 b — L ROGTE 0.01mg/L
Ca ICP %643 S /AT i 0.01mg/L
Mg ICP F&t o3 o irids 0.001mg/L
Cl Relk/A A v ra~ 7779k 10/0.01mg/L
SO, A X ru~ NTT 7k 0.1mg/L
HCO3 Nk 1mg/L
T-SiO; TY T T UHE 2mg/L
B ICP 5653 bt 0.04mg/L
3D(H,0) BB TE +1%o
3180(H,0) G R HTIE +0.1%0
(FAAAERL)

JICA
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# 1-12  JRRAKOHALZ T RER (ORFHHE)

Chemical component Isotope component
sample name date pH EC Na K Li NH, Ca Mg Cl SO, HCO4 F B T-SiO, | & D(H,0) 5 %o (1 1,0)
) (mS/m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (%o ) (%o0)
NaO1l 20135816 | 10-0 | 2,130 | 6,600 | 98.1 | <0.01 | 3.77 0.65 | 0.037 | 2,830 | 270 | 3,380 | 66.1 5.57 78 -24 -3.8
Na02 soes| 99 | 2420 | - 0 - - - - | 3370 350 | 4,870 | 68.3 | 6.36 | - - -
MnO1 2013817 | 9-8 304 676 10.8 0.11 | 1.00 0.43 | 0.018 | 200 151 558 23.0 0.79 146 -24 -4.5
Ey0l 2013818 | 9-4 2,670 | 7,510 | 47.4 0.05 | <0.01| 0.71 0.095 | 6,570 | 869 | 4,180 | 80.1 2.63 52 -18 -2.5
Ey02 2013818 | 8-9 383 948 9.27 0.07 0.15 0.97 0.156 580 161 1,100 | 14.8 0.70 42 -19 -4.1
Ng01 2013819 | 7-2 43.5 65.5 8.97 0.01 0.43 29.6 11.8 15 0.5 295 1.16 0.23 104 -26 -5.2
Ngo3 g | - - - - - - - - - - - - - - -28 5.2
Ba01 2013/820 | 7-8 380 939 19.5 0.30 <0.01| 8.64 3.23 280 368 1,560 19.7 0.58 70 —22 -4.2
Ms01 20135821 | 8-0 485 1,110 | 8.40 0.12 | <0.01| 8.94 | 3.50 980 462 719 10.5 0.36 36 -27 -4.7
Ta0l oz | - - 670 | 5.57 | 0.15 | 0.03 | 19.4 | 5.66 | - - - - - 43 -28 -4.7
Mp01 2013/8/21 - - - - - - - - - - - - - - -26 -4.2
KoO1 20uyg2 | 73 113 106 8.21 0.02 0.03 111 30.6 118 120 380 0.54 0.11 60 -25 -4.7
So01 2013/8/25 | 7-4 368 837 99.6 0.88 0.04 40.6 16.0 210 167 1,980 7.12 0.70 75 -35 -6.1
Ra01 20135825 | 7-3 354 856 88.0 0.94 0.11 20.6 | 8.39 230 169 1,850 | 8.58 0.75 70 -34 -6.0
Kio1l 2013/8/26 | -3 511 1,190 | 61.0 0.80 <0.01| 77.1 34.6 430 235 2,600 2.67 0.95 125 -23 -5.2
Ki02 2013826 | 7-0 515 1,180 | 60.7 | 0.80 0.21 89.7 | 35.0 430 236 | 2,680 | 2.59 0.95 122 -24 -5.2
Ma01 20135826 | 7-6 510 1,300 | 66.7 | 0.50 | <0.01| 28.6 14.3 280 307 | 2,820 | 1.57 0.89 130 -22 -4.7
Ka0l 2013/8/26 | -3 511 1,300 72.3 0.45 | <0.01 | 44.3 17.4 240 367 2,900 1.55 0.87 108 -23 -4.8
Ks01 20135828 | 75 357 819 48.9 0.42 | <0.01| 53.4 24.5 180 452 1,650 | 6.33 0.26 63 -13 -3.3
utol 201yg30 | 74 205 467 18.5 0.47 1.67 19.2 5.74 160 258 787 3.73 1.93 39 -17 -3.5
NyO1 2013831 | 7-0 1,090 | 2,280 120 3.40 19.1 55.9 19.2 3,220 42.8 1,470 | 2.81 33.8 51 -17 -1.0
GRAF )

Fhrurl—rIFur i, AR, LT o Dk, X F — o KT kIS
T, ThEnk~R 5,

a) S hr Ui — o ae s I e

Fhrhaifl—rdurdutg (Frhauill, v=¥ I, =V, v daoradrsL—%
—) ®ob, rIprIus L—F—0REKIE, CIEE=149mg/L 72 E# U TILZRD I EE 2N
< £ N-12, EFREA U ORFE BRI T 25 & HCOs B Th H Z & (X 11-35) . KOD[FENLIRL
HRAK (FAAKE) OZNEIFERLTTHD (X N-37) Z L0, RARKPBDOTNEEMB ST
ERRLTebDEBEZBND, HALFIRED S B, 7 U (Na-K) iREIE 2000CLL EomE iR %
IRT R ALFETHICE L T W & D (X 11-38) W IEZH FIREZ /R L T B S 5,
U RN DI 400C FREE U RAAE LT, HIEVEJR E L COIIAEZE TR,

T b u RO IO R, =Y 0 1B Ey02 A B CIREEVKIE AT (CIARY)
CAREMER (HCOsRY) OHEAID CI-HCOs I THh 5728 (K 11-35), Cl A 3,000mg/L LA
EFN-12 T, @EOEFRAKE HE LT CIHEEICH LT BRENMEV E205 (K 1-36) , HEi
THDHT ha R Y UHOKIMEAL TSI CLBERRE LS 2o TW0D LT s,
T O Ey02 1%, CI-B IR (X 11-36) 726, #42 Ey0l A RAKIZE > THIRE -
DEZEZOND, #HTFIREIZHOWVTIE, Na-K-Mg =% DL L B2 R U O AR E
ZEnE (X N-38), B AR AN L7z Na-K-Ca iRFEEIC IS & | 134~ 174CREE DR JE
DR =D (K 1-40, & 11-13),

~ = ZIA ORI, BT TR L DI BEFT —Z 13 CHEE =4,810mg/L & FEFITHE < |
T D =Y 0 O OWIKDIREADE 2 HiLizhd, S RIBIHFAAEORE R, IBROME S
LCTHEY, CLEE=200mg/L &iRFEAKE LTI —RARMET, FEEA 4 O 5 HCOz Y

JICA WJEC and MMTEC
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DIRENMARTH D (K 11-35), CI-B EERIFREK (X 11-36) M DHIWrd 2 &, AlalERE L 7=iE R
AITIFAKIZIBA L TE O, KIIETICEHE SN TW M EZ R, I N2k L
77 Na-K-Ca IR FE (2317 1E, IR X 144°CREEE S HEMI S5 (X 11-40, 5% 11-13),

b) L ek

LARYHUE (Yo7, TUR, FTUR, w7 a, B Aov) OREKIZ, CLEE 210
~430mg/L TV, FEEEA A4 OFHED S HCO B DE MBI T&H 5 (X 11-35), CI-B JEE
BILRE (IX111-36) 726, WIRAKAS KIS HFICHFRE IV CW R A =3, KOFREE Y, 2
WO ORBRKNBKKER THD Z EXRS, EBEHICET LY 7Tl T U RDIRER
KO « KRFFRERLED/ NS N LD, BHEORRKL D bIESOENE ZAICE ST
MERELE L TWAEZERHLNTHS (K N-37), MTEEIL, ~ 7R T ARENRSN &
25 Na-K-Mg =R 3Rl Th 5725, 7 b Ik L7- Na-K-Ca i IC o % | 168~
2I5CREEDRENHERI SN D (K 1-41, £ 11-13), 2B, TRV DA, B U TAIHRAT<S
AT ARENEWVEBE T, BROBBIZNTIAN=F (DT LRI RV LORMBED
Britdn) BNEETHZEND, TORMBENOFRHBLTE TS Z LRSS,

) L7 ¢ UHuE

VT 4 VHIE (Y, T T, mara= bR A))) OO b, FYHFEOTT T OIRRK
1%, CHEREE S 160~180mg/L T, EEEA 4 > ORI 5 HCOs B DAZE AR TH 5 (X 11-35),
CI-B REEBIMRIX (B 11-36) 7 HHIlrd 2 & 5 DIRRKITFARE S DRELZ T T\ 5 Al Eetk
NHDN, UT T OEFBAKITKIEEFICHE SN TV L 27Rd, 2L, EREORRIC
FAUE, B OHERTITKLZE IR TE TV, KOFRMRENSIE, 26 OMEAKNK
AKEFRTHLZ Emannsd (¥ N1-37), #HREEIX, v 7 XU ANRENENZ &1 D Na-K-
Mg =Rl CTh D720, I 7 A H MK LT Na-K-Ca iEIZEES & 147~171°CREE
OIRMENHER D (X 1H-42, F 11-13),

—ard= QURA)ID) OERAKIE, CLEED 3,220mg/L T, FEFEA 42 ORHED HIETREN
AIRASL (CIHY) &AZEMEVI (HCOsH) oo CI-HCOs M Th 5 (X 11-35), CI-B JREE
BAERB (B4 11-36) 726, CHREN W OIIARIEEF OB TIEe < RAKS KIS e S
NTWERSZ T, 7272 L, ERAEORKRICLE, BiZoE Tk LA IR T T
220N, FTRDRNARLE D BEFRIZI VT IR RN IEICS 7 R LTWS Z &b (KM 11-37)
KKV EIRTHEA LIS LTER LTZERKTH D Z EERLTVD, HITTEREX, ~ 7oy
LRENENZ LD Na-K-Mg =B IAR M ChH 5720, I A1 L7 Na-K-Ca il
RIS E | 13 CREDRENHR =S (K 11-42, £ 1-13), 723, V7 ¢ PHUKIZIHBWT
TRV DL BY LR T IR T LARENEWEE T, ATEO L #ithl & [FER O B
IZk D EHERIEN D,

d) ¥ —ar K7k

VUXL—ary RTHIER (AT L AR—L 27T ar R7) ORREKDOI L, AA—
UIE ClREEDS 980mg/L CTHELfZA A o DR 5 Cl- HCOs B, Z4LLISME Cl JREEDS 118~
280mg/L FREETH VW . HCOz Rz SN D (K 11-35), LovL, W OIRRAK S 8 E OIERAK
LS U C CIBEICR LT BIRENMRNZ &5 (K 1-36) . BFREEOEBENEZ HND, K

JICA WJEC and MMTEC
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DRENAREE N BIX, T DERKNBKAKER CTHD Z EnRransd (X 1-37), HFIEEIL,
TR LRERE N LD Na-K-Mg = IEREE CTH D720, v v ab kL7
Na-K-Ca 1R EIC D% | 57~138CREDIRENHER S5 (X 11-43, & 11-13),

© Lake Natron SO4
® Lake Manyara 0100
© Lake Eyasi
© Ngorongoro crator
X Masware
+Msule
X Kondoa
A Songwe
4 Rambo
4 Kilambo
4 Mampulo
4 Kasimulu
® Kisaki
® Utete
8 Nyongoni HCO3 type
100 0
8 I
HCOg 0 50 90 100 c
GRAF )
(LB O :Hde#l . A2y, O: 74P, ZOM: Vo F—ar 7 (UUTHEL)
11-35  FHf2A A4 D =5
B/Cl(molarratio)=0.1 B/Cl(molarratio)=0.01
100 BOO OO0
wn
(5] S
iAyolcan 8
cks Q
g
s
8
o
10 E
5}
19 [3]
]
- b4
£
(=%
e
- e
o
@ Lake Natron
® Lake Manyara
1 © Lake Eyasi
A A. oNgorongoro crator
(4 XMasware
+Msule
A x Kondoa
A Songwe
] A Rambo
A Kilambo
= A Mampulo
o A Kasimulu
B Kisaki
@ Utete
@ Nyongoni
X # Sea Water
0.1 - ————
10 100 1000 10000 100000
Cl(ppm)
(FAAHIERL)
11-36  {EIR/KD CLERE & B i O BIFRIN
JICA WJEC and MMTEC

76



77U S U T 7 Y S MR AR D T EE - MR ZzAFN - VAR Fe¥=T)

(FAEER)
11-37 RSRKOKDERSIRALA L & KSR RIALAR L O BIFR X

© | ake Natron Na/lOOO

® | ake Manyara 0 ALO0

o Lake Eyasi
© Ngorongoro crator
XMasware
+Msule

= Takwa
XKondoa

A Songwe

A Rambo
aKilambo

A Mampulo
A Kasimulu

B Kisaki Partial Equilibrium

B Utete

B8 Nyongoni

Immature

100 2

K/100 ‘o 5 10 4 Mg

(FRAHIERK)

11-38  {ER D Na-K-Mg = k%X

JICA WJEC and MMTEC
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TZ7AFI s LER—F (P =7)

180 7 , 7 7
amorphous silica / /beta-cristobalite
160 solubility curve / /" solubility curve 4
s s © Lake Natron
S e e | ake Manyara
140 © Lake Eyasi
o A ©Ngorongoro crator
120 / Y xMasware
o Sooa ’ 4 i +Msule
£ 100 - Takw
2 alpha-cristobalite awa
;‘: solubility curve,” xKondoa
2 80 p ® A A Songwe
- X = L 4 Rambo
60 " % A Kilambo
e m - e
° L A Mampulo
40 e = A Kasi
prg - - Kasimulu
+ -~ quartz solubility curve
L T T B Kisaki
0 T B Utete
o [chalcedony solubility curve . . . . % Nyongoni
0 20 40 60 80 100 120 140 160 180 200
Water Temperature (deg.C)
(FA# R
-39 U T RN DV AR EE g
300
NaOL Natron-Ngorongoro |
R —
250 Mn01 X
——Ey01
—x— Ey02
200 |—| —*—Ngo1
;G /\A \
o 150
p=}
©
[
o
; m
o /./// /(—‘X \\/4\
5 AN /
o 1 1 1 1 1 1 1 1 1
£ 5§ 5 5 8 g8 g 2 2 8 35 & %
T E & B & § T v P x T E &
F & ¥ ¥ §F £ 8 F & @ = =
> § 0 0o o § § Z 2 2 ¢
£ 9 5 &5 5 2 0 F e ¢ B8
0 D B
e o F £ F P2 0 AR )
< o X
[3] Z E |
2 [ @
a) z
'_
(A ERD
X 11-40 F b v il—r a2 Mo Mk SR
JICA WJEC and MMTEC
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TZ7AFI s LiR—F (Fo¥=7)

Temperature (°C)

g
4
S

250

200

150

100

50

——Ball
—+— Ms01

—s—Ta0l

Singida-Kondoa

—=—Ko01

N

<

Discharging Temp.

g3

[do
St
S 2
o
X 11-43

TSiO2(a-cr)

TSiO2(chal)
TSiO2(cond)
TSiO2(adiav)

TK-Mg

TdMg

TNa-K-Ca
TNa-K(Truesdell)
TNa-K(Fournier)

LUR K — o BT HUSR O LSRR E

TNa-K(Giggenbach)

GRAIER)

JICA
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TZ7AFI s LiR—F (Fo¥=7)

# 1-13  HbLARE G ERE R

Area Natron-Ngorongoro (northeast Tanzania) Singida-Kondoa (central Tanzania)

Site Lake Natron | Lake Manyara Lake Eyasi Ngg::zjgr"m Masware Msule Takwa Kondoa

Sample No. NaO1 Mn01 Ey01l Ey02 NgO1 BaOl Ms01 Ta01 KoO01

(°c) Discharging Temp. 50.5 70.8 48.6 35.7 34.4 40.9 371 35.9 30.3
TSiO,(amor) 5 37 -12 -21 19 0 -26 -20 -7
TSiO,(B-cr) 25 60 6 -3 40 20 -9 -2 13
TSiO(a-cr) 73 109 53 44 89 68 37 45 60

;5 TSiOy(chal) 96 135 74 63 113 90 56 64 81
5 TSiO,(cond) 124 159 104 94 139 118 87 95 111
GE) TSiO,(adiav) 121 151 104 96 135 117 90 97 110
§ TK-Mg 244 162 187 120 63 98 76 61 51
f;) TdMg 174 144 134 114 55 76 60 65 57
§ TNa-K-Ca 174 144 134 122 82 138 99 92 57
TNa-K(Truesdell) 45 49 7 25 224 64 14 18 162
TNa-K(Fournier) 94 98 57 75 246 111 65 68 196
TNa-K(Giggenbach) 115 119 79 97 259 132 86 90 213

Area Mbeya (southwest Tanzania) Rufiji (east Tanzania)
Site Songwe Rambo Kilambo Mampulo Kasimulu Kisaki Utete (R'\Lﬁgrszr)

Sample No. So01 Ra01 Kio1l Ki02 Ma01 Ka01l Ks01 utol NyO1l

(°c) Discharging Temp. 748 79.2 61.5 57.4 56.3 52.6 72.3 54.4 67.2
TSiO,(amor) 3 0 29 27 31 21 -4 24 -13
TSiO,(B-cr) 23 20 51 49 53 42 15 -6 6
TSiO,(a-cr) 71 68 100 98 102 91 62 40 52

g TSiO,(chal) 93 90 125 123 127 115 84 60 73
2 | TSiO,(cond) 122 118 150 149 152 142 113 91 103
<‘E) TSiO,(adiav) 120 117 143 142 145 136 112 93 103
é TK-Mg 122 128 97 97 112 111 96 89 125
§ TdMg 87 109 43 48 62 66 44 68 84
§ TNa-K-Ca 215 213 168 166 178 178 171 147 183
TNa-K(Trues) 207 191 125 126 125 132 138 106 127
TNa-K(Fourn) 232 219 166 166 166 171 176 149 168
TNa-K(Giggenbach) 247 235 184 184 184 189 194 168 186

GRAF )
JICA WJEC and MMTEC
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11-5-5 GIS
WHELZZGIST—#1E, VE— M7y —42 HHEHK, #EX, WEEET — % O
FRNTIXI ., HIRRE X D346 X S OE BRI CTd 5,
UE—FEVI T T =2IZO0NTIR, —FRINEEZIT> TWD(EDT —Z OFFEMIZ-DOVNT
I -5-1 BEA S M), MK, HER R KT IOV T, — MEEEZLLTICRT,

1. #P X

Scale of 1:50,000
1. Arusha and Manyara Block

QDS 27/4, 2813, 39/2, 40/1, 51/4, 52/3, 53/3, 53/4, 67/2, 68/1, 69/1, 69/2, 84/4.
2. Dodoma and Singida Block

QDS 104/4, 105/3, 105/4, 121/1, 123/1, 123/3, 127/1, 141/2, 141/4, 142/1, 142/2, 142/3, 143/1.
3. Mbeya Block

QDS 244/3, 244/4, 259/4, 2721, 27212, 27213, 272/4.

2. HUE[X]
Scale of 1:1,250,000
Sheet No.QDS 27, 28, 39, 40, 51, 52, 67, 68, 69, 84, 104, 105, 121, 123, 127, 141, 142, 201, 219, 221,
239, 244, 259, 272.

3. WU AT X
Ministry of Minerals, Airborne Magnetic Survey, Magnetic Interpretation Map
Scale 1:100,000.
Sheet No.27, No.28, No0.39, No.40, No.51, No.52, No0.67, No.68, N0.69, No.84, No.104, No.105,
No.121, No.123, No.127, No.141, No.142, N0.201, No.244, No0.219, No0.221, No.239.

11-5-6 7 2 Hidek e i

HHFRHAE IRV T L 7= Bl S 2 Pz A2 7 « % Aa ) E2#EH L CEtikofR S
SR TE 2 F26 L7- (£ 11-14 KOV 11-15), A a7 « F AEEEE L INEIC X0 55072580
B MR E OES & RBIICTEMT 5 b0 ThH b | MEEFRAEOWIHBRE C—BMICAVW b
LA RETH D, ZOFEORAY v MIFEAT ) =N E SN - KTEE M85 =
ENTE L T, G LSRR Z FRE L CRRDOEZ R T X 2 BHMWEICEIL TV D AL
Hb, L, EHT7 3V —OREHEEZED L IICRETINEVIFELNELTND, B,
FFAIL GIS BEREAFIH L CHERNLEHT 52 LN TE S,

AFETIIADT « FLE2ODAT v 7| E\Ltovkoi%ﬂﬁﬁ%ﬁﬁﬁé%QX?
w7 b OEDIIBRBEAAHEZTMT 28 AT v T ThDH, B AT v T TEARESCE
WU HEDOBRE ATy ST S 5,
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H—AT v AT L TE, ARG SR O ME S0 LIRR 2 & OB RS S
THEVEEREM 21T o 7, 70k, HBEBESIFRIc oW Tid, M O IR AK DL FF ) B HE
E S D HEMTREIRE D% <13 2000C K CTHHZ Enb, AT U= A7 AR EZET
HUNENGH D, LIRo>T, NAF U= 27 LM O REICBW £ T3 —DE
BT & LT, FHIICIZEL T OREEE vz,
> HVE S

= CKIMEBR O - IR KA O A
KILHIEIC 3B D HBGR T, —RIIC~ 7~ BN EERBRE 2> T D, kil (=
7 IEE) OB X5 H, HIEVELEH AT KILOEIDIZALE L TWD 2 EREU,
KITEENZ K o THER S oK ILEE OF B2 K NGB O B2 W 5 1 DO
L7 h, 7L KIEARGA L TV A TH- THEMAL LY bW KILIETH
HHEAITIE, v < BBICHBEIESNTLE S TV AEANRL Y, LR - T, FHi
DKIUZENE D PREEE 25, 72720, KIUPETEL5E121%, HECR L
TWRWHREME L H 5 D THEEZET 5, B KIS DA EICESHNTUTO LD
REH T 2B ERNAT 2 T,
HIAL KA AFIEN CKIEBI O FL0IE THHAHEMEDH Y ) « 26
VLK LS AR PH 2> & 10km DA : EHAx 4
VALK LS A Ra P > & 10km LA L 0 B 2
s BKMEHERSEOFE g V=T A hOAE
% < OHBEMIE TIZ, WV O@EEKY — P EERHBGRA DB & 7e> T\ D,
ZOZ NG KRB WEOF N MBGRIR OB & 72 2 HERE DS HIFF T 20
EIDDIEEL 0 D, Elc. BEOWE N AT HEHMITEKRERFm W EHIFFE NS,
ZOZEND, WiE e V=T A FOFEIZESWTLL IO L 9 READIT ZEEM
AT -7,
KRB W, W g A2 72 EBAFAE © B 6
Wifg, ) =7 A NFEIE B4
Wik, U =7 A2 MIFRO LR - B2
» Xy ooyl EORE
% < OHEMIH T, (RIRERE M T K & BT E L oMz Yy v e v s (IBA)
WK SN TEY, KEEREH T KOBAIC L 2R EGEHZ YT T\, — &R
X, TP CREKREEERICL > TR ELSEaRl Ty vy T a v 7 Lo TV DS
ML, L L, BB TIIH N ORI AHEE TE L7207 —Z TG STV
W, 7272 L, AR EOBKMEDMERVE A S BT E 2 R E L TR D v — T S
FEZREZLTCODLAREN L HD, 2O, FxvFuv s G585 7%
Hifg DHMIIESWTLU TN D X S e BEASIT 2 EEMIITo 72,
VRETiAE : A6
PFEAATAE : A4
U VBITRD bR A2
> HuEME R SR
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= HAREKORE
ZOHR TOKOUPHERE 720 LIXE N2 2 25 O B RMEKAFE X T IS &R
AT BN FAET DEERIBEL D LN E, 2O b, AREROAHE
IZEESWTU T L S REARST B EMIIT T2,
H ARIE AT « B 10
HARES 2L« A0
o JRROBEHEE
IRIR OV R & N ISR BUTE B AR CE 20 E I D OIBIE L R V155, N
AFV—REBEOAREME L BB L UL TFO X D REAST 2 EEMNI T 72,
TR TR 80°C DL E : A 8
RSB TR 60°C LA E, 80°C i : HHA 4
TR TR 60°C ARl « A1
» JRIRKOALEERARL A S HEE S B R B IR
IRIRIK DALFAAR ) HHEE S 5 MBI e DR (b FIRE) s LTUT
D KD RBEHST HEERNAT T2,
LR 200°C BL B - B4 10 (7T v v 2 B EEA O e V)
kIR B 170°C LA E, 200°C Al : A4 8
bR 140°C LA E, 170°C Al : A 6
bR 100°C BA E, 140°C Al « A 4
L AR 100°C A« EA 1
= HIEMEEEHLO AN Y
HEENE G D [ 23 0 1T HIBNE B D JRN Y KM L CWDIGERH DL, ZOZ ENBLL
T XS REASTEEEMIAT T,
MR D K723 0 0.01 km? # : EA 2
MBS ER DL 23Y) 0.010 km? BLF @ EA 1
RSO - S EUKIEA DA
TR K DA SEHA R S B OV BUK IR A D FTRENE () 21X F e A A U #pk72 &) %
RLTWENE I MEREE LTUTO L S 2EASITEZEEICIT T2,
DEABOKIRATESE © B 3
G EKIB A DFBIXE 1UE EBEEE Tl - A 2
TR BVKIB AD BT b« A1
B, AUV =T TIIHBRENEHRICE CE- B SIIE 2202, ED k) A fEiE
N EDOREALEH SN TH G T 20FHEET 5 2 LN TE RV, SERIOFGFHETIZ, HARTOH
ENBARE OFRER A FLITHRIE & 2 O EAMT 2 EENICHAW, Z P =708 5 HEAB 3 Of%5R
NHOLREZEEINT-BEBETER LR E ZDOEIMNTOZLMEEBIET 2L ERND D, -,
SERIOFETITZ =T8T 52 NKRO R MBEEO — A2 5L LobDTHY . 5% DR
BIZE o TR RN ERTH T =2 NBoNAREELH D, LB o T, A% OMEGE
WCEVEBSGENDT —ZICED, Ty T—bhSNHZ ENEEND,
WA T TR, ATy P THIH SN S O ST S AR U 72, FEAICIE A T oo
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e T,

>

>

»

>

SRS 3 RN ES AVAZNE
E AR BERRE X, BREE oSS N COBRIE, BIRIEFIZE-S W CTHLHI
MWDo TEY BRI —EDOREEMENRES Z b, LTO XS REASITE2EER
AT > 72,
ENLARS © A 10
JSERIRGEIX : B 4
E N F 7 TR R - B L
RERK o= EEME > © o B
KR MU BERR LB DREN TV D56, FiLICEERREOLEMERH D | B
IZ—EDREEMENRED 2, LTD XS READITEEERMIZIT T,
5km LAN @ EHA 4
5-10km : B 2
10km LA L @ EEA 1
P X R E DA
REGHICHL X SR E SNV TW DG, BARBIC—EDREEMERMED Z &b LD
KO BRBEHDTEEERNIAT T2,
LK ER L - HH8
O IR IAE I 2 B 4
PLIXFRER  EAL
JEANR S HE ) B O PR
BB S OMREEA, BIROEIREI -~ EOREL KT EnE, LTk )
IREHDT 2B EIAT T2,
KA ONHESE 71T ZIUCHET H488H) Dir< - A 3
BTk (MR E 721X 2 U HET DM LA T) Dilr< - A 2
HER 7 e« B 1
FhaBRET
HIEABRIE L6 L CTHESBI R BOEEN D & D %56, BAFEIZ —E DWREEMENME D Z &b,
MG BFR O REOKIEZSEIL, UTO XD RELDTEEERIAT T,
TR LTV D - A3
AR A2
Hesxf LTWsd - EHAL
B ~D7 7 17 A5
MBI E T 7 & ZER B2 WG, BIBIC—EOREMERES Z &b, LUFO
KO BREHDTEEERINAT -T2,
EHK S 1km LIN B4 3
1-3km : EH 2
HEEENS 3km LLE AL

FHAT v TTIE, HELE 25 S EOMSEEEEEO L EmuvEE LTI L7z (25 AR
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77V HHIGRT 7 U A BB AR D fE B - TR A TrAFN - LE—bF (X HF=T)

WOHEOHELRMEEZTET HHOTIERY) o S HUSIILL TO®E Y Th 5.
= bR (32 &)
v =x 7 (28 55)
» VT ATT 4 TR (36 4)
= XK (30 45)
= % (28 )
» —grd= (29/5)
F— AT v T EIERE LIZHIBICOW T, AT v S TORMIERERZMZ 5 & LUT O
50 5Ll EoEnwRa T Lol
» Tz ATT 4V TR (59 )
» —gyrd= (52,5)
AWM R TR OEWNA T R T T« A TT 4« T U RPSIHIGE 2N L
i cbikmAaT Lo Tnh, Lieml-> T, SERF LIz oR iy s/ o= - 47
T AN T URDBRAL LB IND,
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77V HHIGRT 7 U A BB AR D fE B - TR A T7AFN - LER—F (FHF=T)

11-5-7 IBRT > o v L DR

HEE S A HU IR 2 BT . PR IARE e 8 DR T A — 2 ZRE L CREIEIC L 54 S o
BEIRART v ¥ VERS L, BREHEOIE T, £ 7 WL o @t FiEa A L CHekysh
HUNZART v X VERDT, 7ol BREEITH T IR SN TWD LB SN HMEEAFR L,
PR R R L X —1CH e T D BR =R NX— GEBEHN) 2HET 5 5ETH D 72121,
T2 TRD BRI, IR & R RREE & OREEICKIET A TR LF -’ TH D,
B OFHEAXE LU TIZRT,

BEHS [MW] = (Tr—Ta)X{(1 - ¢) XCprXx or+ ¢ XCpwX pw}XVXRFXCE/(LFXPL)

ory pwW TNENEAEE (ke/m’), HBGRIAEE (kg/m’)
Cpr. Cpw : FNEIEHA B (k]/kg » C), HIBERIREL (k] /kg - C)
Tr, Ta : ZNEIATREBIRE (°C) . FIHRFURE (°C)
b : HADZERRE (%)
: Hred e (ko)
RF : MR (%)
CE : ZEHhHE (%)
LF : 7T MEBE (%)
PL : 77 v MEEHIFE ()

BHEETHONONTWD T A= Dl 1 DICRETHZ L ITBFERETH Y | FiEFEE
thoTW5, ZDd, HHFNRNIETH DT T IV BT FikZ i L THERRICR
TV NERDDZENEZD, SEORBEICEBWCLZOFEEFBEHA L, £ T A aikT
X, BENTA—FIHLBREDELZ b TR MEL L TREST, TOFREMBRL & LR
AN S 2B FE B & 725, X N-44 (2" K 9 2R 720 UIE Z A TR O R 53 A4 3
HHWOBND (RREE R/MEDB PR EN TV DEAITHG, R & e/ ME K& O el 73R~
SNTWAEGAIT=AROSANEH S TND Z NN,
U R I Rs < BPRE 8 DR A E, AU & b (T H/ME 1,800m, FfEfE 2,000m, i AfE 2,200m &
RE L, =AM & Uiz, £z, WIS OV TIMBMSE D37 & &2 B L
ThoME & e RIEZCGE L, SIS E Uiz, IFREARRITE A & iz #i
BOEDLZLICLSTRDODND, 2B, M & JEAT DN TIIBRRA RS R
REC K DEBRNMETH D,

IR IR S L ORI H FRRIEEE « s L HIic 7 8 U iEE (Na-K-Ca) % TR EIRE Dk
Al & L, SAREIC 20°C INFE U 7o M6 4 Ao, Feefiic 20°C N L 72l % &
KIEERE L, AR & Uiz, FIARFURE L, ATV —FHXEEZBELT
80CT—EEE LT (7T v a FiXOHEIL180CEMET DI ENE\V),

T AR P O AEAR D M8 A3 53 A D MR T IR R/ IMIEL, AL, R AIE A 2 4L 2,400kg/m?,

2,500kg/m?, 2,600kg/m® & iE L = Ao, FRAARLLRTO HE A3 55455 2 i
TIE. /Ml & B K %2 2230 2,600kg/m® 35 X O8 3,000kg/m® & RE L. FE
AR E LT,
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T 7V AT 7 YU A BB AR D TE B - TR A TZ7AF N LER—bF (FHF=T)

BALE G —RBREAOEERMA L, R/ME L RKRIEEZZRZE1 0.7klkg-C LT
1.0kJ/kg-°C LRE L., ML & L,

A ZEBREE BT AR DO I AN AR D M T, F/IMIE & I KA 2 E 24 5% KON 10% &
RE L, FARLIATO HJE 23049 5 S Tk, foME & RMEE 22 1%
BIOSwEREL, BRofis Lz,

MADEE R LSO FE SN DRI, ENrbRAREL b LICE L,

B = fREGICZERERD 25 FRREOHLE SN TVD ZE2b, R/MELRKEEZ T
TN 25% B LN125% LIE L, HESME L,

BN . NAF U= AT AEBE L Th/IME, Bl i KEEZ 24 1.9%.6.3%.
1MA4% EREL, AN E LI (7T vy ad A4 TORAE, R/IMEE KK
EITEE ZIEI 12% K N 1A% EFBESND),

77 v MEEHIFBS X O T v MBI 7 v MEEIFIL 30 4, 77 v MEEIFRIT 85%
TENEN—E L RE LT,

P(x) P(x)
Xmmin Xmax Xmin Xmod Xmax
(a) rectangular distribution (b) triangular distribution
Xmin = Minimum value Xna Maximum value Xnoq— Most likely value (mode)

GRAERER)
X 1-44 {RE L7355 40

ATJRT A= LHEKRT o v VEHERE R OB (F he i) =X 145 (24, S hry
HOHEAR T o ¥ L1T 80% DR T 2IMW & FHE STz, 7pds, 3w o =3 iR IR E 23]
FBRFURER & TRIND Z 0D, RGN LRI Lz, 750 O LR O -EVE IR &3 HRS
FRIZOWTIEIAER-7 12T, SRAHAO RS SN HBVERA T v v L OEFHE
3BBIMW & 7257 (3 11-16), AT Hill oD v = D HLEIC S Tt BGR(2008)DF — 4 7 b Hit F
BEZHEET DL, 230°C ZHAHREELEEZEZOND, Y7 U2 MEERIFEORT v Vi
HTDHERETDE, BMET v ML 465MW 70D, SHIT, SFHH, ~VF L, UF»
Ky, »Yan /U, KRR, 7oRh=, o3y XI3T0xYro T, A7, 7, 71
VT2 BROANRNTOEME b AY VA EFRREORT oy v aAT 5 LT, # v
PF=TICBT HHBERT 2 v TR T 678MW s RFE S, HAERES N TWHEZ =T
DOHBKRT v b (660MW) (ZITVME & 72 D,
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T2V B WIET 7 U T EABA SR ITAR B E IR - fERd A

T7AFI s LiR—F (X =7)

10.0%

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Output (MWe)

Frequency (%)

Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 170 190 210
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) = 0.85 =
Abandonment Temperature (°C) - 80 -
(FAAHIERL)

1-45 BT L afEirziEH U BRI L AMBGRT 3 v LEFERER (F Fa i)

JICA
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T 7Y AR T 7 U BB 5 AR D 1 HUE - fERR A T7AFN - LER—F (FHF=T)

# 11-16  HIBGR T o v LR B R

. Estimated
Field (MW) Remarks
Lake Natron 21 Assuming binary system plant
Lake Manyara 15 Assuming binary system plant
Lake Eyasi 15 Assuming binary system plant
@ |Masware 18 Assuming binary system plant
% Singida Southeast 23 Assuming binary system plant
3 |Songwe, llatile, Rambo 106 Assuming binary system plant
o |Kilambo 36 Assuming binary system plant
% Mampulo 39 Assuming binary system plant
@ [Kisaki 29 Assuming binary system plant
Utete 24 Assuming binary system plant
Nyongoni 31 Assuming binary system plant
Total 359 Assuming binary system plant
(R A IR
11-6 SRt Ak B R i 2

TRV —FARGHE (MEM, 2003) T, # ¥ =7 BUFIXREREM (EIA) 22 THOTX
NX—TuTx s MIRDTWND

E%ﬁﬁ%ﬁéameMQi2%4ﬁ%ﬁ®ﬁﬁﬁﬁﬁfﬁmémtmﬁﬁF®ﬁ%T%D
mF%@&ﬁmwﬁﬁ%ﬁm FIZ EIA OFEZIT O, BREERIL. 1994 F I HARERBEE O T

BXAL S AU, BT ek 72%7‘_?“71&) 1994 4F(Z Vice President Office |2 & 2> 7= filfik T dH
%o BRIER O LR BRENIREEREITR D BORRE, BRI~ T A F X - A BT A DR
fTh s, BERTIIHTEERZHEL TWD, 1ZEA O BIGERICRREHAYLE 2@ T
W5, NEMC (ZHIX FHFT A % o =7 2 TIC#E L T\ 5,

NEMC 2L 2% & EIA A KT A 213 2004 FEDOBREIEAIEIZFE-S & 2005 4RICFEAT S A7z, Y
BEITFEFRNWEDZETHD, EIADE T Z—TiA4 RIA 30t s Z2—RlOoF =y 2
ANTIDDEDZ ETHD,

EIA S8 Fior X I26R 2 WIRNE, BAFEFHEE A NEMC IZ EIS A F AN L T HAGRFITE T
K3 HAMAEET D, EIAFEFHE IR EHITOWTIEL, Technical Committee D AU
CCHER S (W% 10~124), EIA F8#IE NEMC IZ8 8k L T\ % 2 2L Y S 0 Bl 265
ERET DA, SNEOEFE DB GRER LA T EIAREZ1T 5 BEIZIE 200,000 &V v 7 &K
O WD D,

RAEXHNTORFEEREIED EIA IZOWTIE, FIAITERLARZBRT 5513, TANAPA
(Tanzania National Parks) ., Z OftfiiE B, Ministry of Natural Resources and Tourism (MNRT) F®
Tanzania Wildlife Research Institute <> Tanzania Forest Research Institute 73 BE£% 9~ % , PRFEX D& BT
PREX OFEEEIC L » CTEEER 23 272 5 (Marine Protected Area=Fishery Dept.. Nature Protected
Area=Division of Nature (Ministry of Natural Resources), Forest Protected Area=Division of Forestry
(Ministry of Natural Resources)) ,
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77V HHIGRT 7 U A BB AR D fE B - TR A T7AFN - LER—F (FHF=T)

Public hearing ®ERIZ EIS HEZFEDO Y~ U —k (RFEEX VATV LB VEE) AL TWD,
BRSEATIZ. NEMC S35 77, District 5587, Project Hi5AT, BaRICIS U THEEDO AR Z AT 5
ZEBHREEDZETH D, E=F U IV OWRSCHEEIX, FEICSUTHEHERD LTS,
EIA Ff5t = T Public Consultation [Z#¢28#F L Da L H L7 — a v 2 EKT 5, DOEIZL D
L EIAFRE TIE EIS LE 2 —RICIEIOAZFEMT HZ L ER>TVDNR, ICATA RT A
THET S X )ICEBREAa— U ZRIGBMICER T2 2 1%, Tl EfERNEDZ & T
H5,

EIA OAR TR 1L, [FEIMHICL D EIAOHGFE (EIAHEEORH) ] = INEMCIZ X2
FAIZHS< DOE ~DENE | = TDOE IZ L 581 = [Minister of State (2 & 5 EIA 7&K & 72
%, 723, Ministerof State (X2 450 . 1 ADEREH Y, © 9 1425 Union of Affairs 2444 5%,
INHUBEBHRE 3 0 EIA ITHT BIB IR EE AR EIT ) HETHHIN. X ¥ /30T 4 RETH D,
EIADEREN TS, HADENE LT r—AN D5, 29 L= —ATid DOE B ¥£E1C
LT HAFLEINCAI 2= —2a 2D LD IZT RS ABRRENTWD, wEIZIT,
B N EMERIC KT A L ERPPAR TR -T2, ERBKH LIy —AnH -
Too fERUE, BELESND Z & RN D,

FHEAS: - (R BEs1X. Ministry of Land and Human Settlement Development O #ETH 0 . F il
3% Land Act IZHEASWTYThi D, —J7, BUME EHAEOFZEITHEN 25 Z L3 TE 5725,
HAMITHSEBREICESE, B 5lEIhb,
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Location No. Na(1 DATE 16-Aug-13
Place Name Lake Natron REGION |Arusha
Cordination;
Longitude (E) 35.90563 Latitude (S) |  2.37312[Elevation | 613 m
Water sample No. [Na0O1l
Temperature 50.5 °C
pH 9.7
Electric conductivity 1,050 mS/m
Na(1 Basic volcanic rock
Rock sample No.

Geological condition;
Quaternary volcanic zone; olivine basalt of middle Pleistocene age. Being situated on the site where

almost N-S trending lineament, seemed to be fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the western shore of Lake Natron, where many hot springs well up through the
fractures developed in the basalt lava. The temperature in the field was 50.5°C, maximum pH was 9.7 and
maximum electrical conductivity was 1,050 mS/m. Quaternary basalt lava, which has a largely N-S
trending lineament, is widely distributed in the field. The presence of a scarp suggests that the N-S
trending lineament is a fault. The porous parts of the volcanic rocks are filled with carbonates forming an

amygdaloidal texture.

JICA -1 WJEC and MMTEC
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Location No. Na(2 DATE 16-Aug-13
Place Name Lake Natron REGION |Arusha
Cordination;
Longitude (E) [35.90376 | Latitude (S) | 2.37392 [Elevation | 592 m
Water sample No. [Na02
Temperature 53.1 °C
pH 9.7
Electric conductivity 1,530 mS/m
Na02 Basic volcanics
Rock sample No.

Geological condition;
Quaternary volcanic zone; olivine basalt of middle Pleistocene age. Being situated on the site where

almost N-S trending lineament, seemed to be fault by the presence of its scarp, is developed very well.

Discription;

This site is located at approximately 200 m west of NaO1. This field is located on the western shore of
Lake Natron, where many hot springs well up through the fractures developed in the basalt lava. The
maximum recorded temperature in the field was 53.1°C, maximum pH was 9.7 and maximum electrical
conductivity was 1,530 mS/m. Quaternary basalt lava, which has a largely N-S trending lineament, is
widely distributed in the field. The presence of a scarp suggests that the N-S trending lineament is a fault.
The porous parts of the volcanic rocks are filled with carbonates forming an amygdaloidal texture.

JICA Nt -2 WJEC and MMTEC
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Location No. MnO1 DATE 17-Aug-13
Place Name Lake Manyara REGION |Arusha
Cordination;
Longitude (E) [35.73786 | Latitude (S) | 3.61676 [Elevation | 710 m
Water sample No. {MnO1
Temperature 70.8 °C
pH 9.5
Electric conductivity 280 mS/m
MnOla [gneiss
Rock sample No. |[Mn0O1b [evaporite

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NNE-SSW trending lineament, seemed to be

fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the western side of Lake Manyara, where several hot springs well up from scree
deposits made up of gneiss. The maximum temperature, pH and electrical conductivity of the hot springs
were 70.8°C, pH 9.5 and 280 mS/m, respectively. Basement rocks mainly consisting of gneiss are
distributed in the field, which has NNE-SSW trending lineament and seems to be a fault, as its very well-

developed scarp indicates.

Lake Manyara

JCA A -3 WJIEC and MMTEC
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Location No.

Mn02

DATE

17-Aug-13

Place Name

Lake Manyara

REGION

Arusha

Cordination;

Longitude (E)

35.74094 |

Latitude (S) |

3.61712

Elevation |

973 m

Water sample No.

Temperature

62.9 °C

pH

Electric conductivity

mS/m

Rock sample No.

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NNE-SSW trending lineament, seemed to be

fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the western side of Lake Manyara, where several hot springs well up from scree
deposits made up of gneiss. The temperatureof the hot springs was 62.9°C. Basement rocks mainly
consisting of gneiss are distributed in the field, which has NNE-SSW trending lineament and seems to be
a fault, as its very well-developed scarp indicates.
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Location No. Ey01 DATE 18-Aug-13

Place Name Lake Eyasi REGION |Arusha

Cordination;

Longitude (E) |35.25440 Latitude (S) | 3.57560 [Elevation | 1045 m
Water sample No. |Ey01

Temperature 48.6 °C

pH 9.3

Electric conductivity 1,010 mS/m

Ey01 evaporite
Rock sample No.

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NE-SW trending lineament, seemed to be

fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the eastern side of Lake Eyasi, where hot springs well up from the unconsolidated
sands of lake deposits. The field consists of wetland with sparse vegetation. The maximum temperature,
pH and electrical conductivity were 48.6°C, pH 9.3 and 1,010mS/m, respectively. The Gneiss basement
rocks show a NE-SW trending lineament, which seems to be a fault, as its very well-developed scarp

indicates.

Outcrop of gneiss basement

JCA A -5 WJIEC and MMTEC
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Location No. Ey02 DATE 18-Aug-13

Place Name Lake Eyasi REGION |Arusha

Cordination;

Longitude (E) [35.33100 | Latitude (S) | 3.50276 [Elevation | 1037 m
Water sample No. [Na0O1l

Temperature 35.7 °C

pH 9.1

Electric conductivity 270 mS/m

Rock sample No.

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NE-SW trending lineament, seemed to be

fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the eastern side of Lake Eyasi, where hot springs well up from the unconsolidated
sands of lake deposits. The field consists of wetland with sparse vegetation. The temperature, pH and
electrical conductivity were 35.7°C, pH 9.1 and 270 mS/m, respectively. The Gneiss basement rocks
show a NE-SW trending lineament, which seems to be a fault, as its very well-developed scarp indicates.

Hot spring Ey02
Lake Eyasi
Tt~
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Location No. Ey03 DATE 18-Aug-13
Place Name Lake Eyasi REGION |Arusha
Cordination;
Longitude (E) [35.33057 | Latitude (S) | 3.50178 [Elevation | 1106 m
Water sample No. |-
Temperature 36.6 °C
pH -

Electric conductivity - mS/m

Rock sample No.

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NE-SW trending lineament, seemed to be

fault by the presence of its scarp, is developed very well.

Discription;

This field is located on the eastern side of Lake Eyasi, where hot springs well up from the unconsolidated
sands of lake deposits. The field consists of wetland with sparse vegetation. The temperaturewas 36.6°C,
pH 9.3 and 1,010 mS/m, respectively. The Gneiss basement rocks show a NE-SW trending lineament,

which seems to be a fault, as its very well-developed scarp indicates.

Lake Eyasi

JICA Mt -7 WJEC and MMTEC
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Location No. Ng01 DATE 19-Aug-13
Place Name Ngorongoro crater REGION |Arusha
Cordination;
Longitude (E) [35.55775 | Latitude (S) | 3.24353 [Elevation | 1168 m
Water sample No. |-
Temperature 36.6 °C
pH 7.7
Electric conductivity 32 mS/m
Ng01 |sediment
Rock sample No.

Geological condition;
Quaternary volcanic zone (Ngorongoro crater)

Discription;

Three hot springs are found inside of Ngorongoro Crater. Hot spring Ng01 is located at the foot of the
sommar, welling up from unconsolidated scree deposits. The maximum temperature, pH and electric
conductivity were 36.6°C, pH7.7 and 32 mS/m, respectively. The geology of the fields is characterized by
Quaternary volcanic rocks.

No structural features are observed in the satellite imagery. The hot springs are derived from the flow of
groundwater in the outer crater-rim.

Ngorongoro Crater

JCA wAf -8 WJIEC and MMTEC
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Location No. Ng02 DATE 19-Aug-13

Place Name Ngorongoro crater REGION |Arusha

Cordination;

Longitude (E) [35.60079 | Latitude (S) | 3.21050 [Elevation | 1216 m
Water sample No. |-

Temperature 23 °C

pH 7.9

Electric conductivity 34 mS/m

Rock sample No.

Geological condition;
Quaternary volcanic zone (Ngorongoro crater).

Discription;

Three hot springs are found inside of Ngorongoro Crater. Hot spring Ng01 is located at the foot of the
sommar, welling up from unconsolidated scree deposits. The temperature, pH and electric conductivity
were 23°C, pH7.9 and 34 mS/m, respectively. The geology of the fields is characterized by Quaternary
volcanic rocks.

No structural features are observed in the satellite imagery. The hot springs are derived from the flow of
groundwater in the outer crater-rim.

Bubbling

JCA A -9 WJIEC and MMTEC
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Location No. Ng03 DATE 19-Aug-13

Place Name Ngorongoro crater REGION |Arusha

Cordination;

Longitude (E) [35.49837 | Latitude (S) | 3.17734 [Elevation | 1105 m
Water sample No. |-

Temperature 27.2 °C

pH 8.1

Electric conductivity 34 mS/m

Rock sample No.

Geological condition;
Quaternary volcanic zone (Ngorongoro crater)

Discription;

Three hot springs are found inside of Ngorongoro Crater. Hot spring Ng01 is located at the foot of the
sommar, welling up from unconsolidated scree deposits. The maximum temperature, pH and electric
conductivity were 27.7°C, pH8.1 and 34 mS/m, respectively. The geology of the fields is characterized by
Quaternary volcanic rocks.

No structural features are observed in the satellite imagery. The hot springs are derived from the flow of
groundwater in the outer crater-rim.

JICA 7t - 10 WJEC and MMTEC
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Location No. Ba0l DATE 20-Aug-13
Place Name Masware | REGION |Manyara
Cordination;
Longitude (E) [35.71347 | Latitude (S) |  4.06958 [Elevation | 1066 m
Water sample No. [Ba01l
Temperature 40.9 °C
pH 7.4
Electric conductivity 270 mS/m

BaOla gneiss
Rock sample No. |Ba0lb sediment

Ballc sediment

Geological condition;
Gneiss basement zone. Being situated on the site where NE-SW trending lineament, seemed to be fault by

the presence of its scarp, is developed very well.

Discription;

This field is located to the north of Babati Town. The hot springs gush out from unconsolidated sands on
the gentle slope. The vicinity of the hot springs consists of wetland. The maximum temperature, pH and
electric conductivity were 40.9°C, 7.4 and 270 mS/m, respectively. A gneiss basement, showing a NE-
SW trending lineament, is distributed in the field, and seems to be a fault, as its very well-developed
scarp indicates.

No geological features are observed in the imagery. This hot spring is newly reported in this preliminary
survey.

JICA - 11 WJEC and MMTEC
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Location No. Ha0l DATE 20-Aug-13
Place Name Balangida Lalu REGION |Manyara
Cordination;
Longitude (E) [35.25523 | Latitude (S) |  4.70477 [Elevation | 1118 m
Water sample No. |-
Temperature 32.7 °C
pH -
Electric conductivity |- mS/m
Ha0l sediment

Rock sample No.

Geological condition;

Being situated on the site where ENE-WSW trending lineament, seemed to be fault by the presence of its
scarp, is developed very well. In this region, ENE-WSW trending lineaments are developed, and are
dislocated by NW-SE lineaments.

Discription;

This field is located east of Lake Balangida Lalu, where hot springs well up from unconsolidated sands of
sedimentary lake deposits. The field consists of wetland and ponds and is covered with thick vegetation.
The maximum temperature was 32.7°C, but pH and electrical conductivity were not measured, because of
contamination of the surface water. Gneiss is distributed in the field, trending ENE-WSW, and the
lineament appears to be fault, as its very well-developed scarp indicates. In this area, ENE-WSW trending
lineaments are found, and these are dislocated by NW-SE lineaments.

Thick vegetation is observed along the watercourse in the satellite image.

QOutcrop of basement
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Location No. Ms01 DATE 21-Aug-13

Place Name Msule | REGION |Singida

Cordination;

Longitude (E) [35.06760 | Latitude (S) | 5.10671 [Elevation | 1212 m

Water sample No. [Ms01

Temperature 37.1 °C

pH 8.1

Electric conductivity 350 mS/m

Rock sample No.

Geological condition;
Granitic rock of Precambrian age. Being situated on the site where NE-SW and NNW-SSE trending

lineaments, seemed to be faults by the presence of their scarps, intersect each other. The former is elder
than the latter in the activity age.

Discription;

These fields are located in Msule Village southeast of Singida Town. Extensive wetland and ponds with
thick vegetation are found in the area. The maximum temperature, pH and electrical conductivity of the
hot spring were 37.1°C, 8.1 and 350mS/m, respectively. This hot spring is newly reported in this survey.

- > e .
West view North view .
_— Outcrops of gneiss

- Fault scarf

JICA W - 13 WJEC and MMTEC



777V AR 7 ) F1 EABHTELS $R B I HRINAE - WEREEE TrAF) - LR—F  (Br¥Z7)

Location No. Ta01l DATE 21-Aug-13
Place Name Takwa | REGION |Dodoma
Cordination;
Longitude (E) [35.13322 | Latitude (S) | 5.15603 [Elevation | 1244 m
Water sample No. [Ta0l
Temperature 35.9 °C
pH 7.8
Electric conductivity 290 mS/m
Ta0la granitics rock
Rock sample No. |Ta0lb sediment

Geological condition;

Granitic rock basement. Being situated on the site where NE-SW and NNW-SSE trending lineaments,
seemed to be faults by the presence of their scarps, intersect each other. The former is elder than the latter
in the activitv age

Discription;

These fields are located in Takwa Village southeast of Singida Town. Extensive wetland and ponds with
thick vegetation are found in the area. The maximum temperature, pH and electrical conductivity of the
hot spring were 35.9°C, 7.8 and 290mS/m, respectively. This hot spring is newly reported in this survey.

% "
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Location No. MpO1 DATE 21-Aug-13

Place Name Mponde | REGION |Dodoma

Cordination;

Longitude (E) [35.10281 | Latitude (S) | 5.28361 |[Elevation |- m
Water sample No. |MpO1

Temperature 43.3 °C

pH 8.3

Electric conductivity 241 mS/m

Rock sample No.

Geological condition;
Granitic rock basement. Being situated on the site where NE-SW and NNW-SSE trending lineaments,

seemed to be faults by the presence of their scarps, intersect each other. The former is elder than the latter
in the activity age.

Discription;

These fields are located in Mponde Village southeast of Singida Town. Extensive wetland and ponds
with thick vegetation are found in the area. The maximum temperature, pH and electrical conductivity of
the hot spring were 43.3°C, 8.3 and 241mS/m, respectively. This hot spring is newly reported in this

survey.

JICA W - 15 WJEC and MMTEC
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Location No. Mp02 DATE 21-Aug-13

Place Name Mponde | REGION |Dodoma

Cordination;

Longitude (E) [35.10293 | Latitude (S) | 5.28284 [Elevation | 1214 m
Water sample No. |-

Temperature 454 °C

pH 8.6

Electric conductivity |- mS/m

Rock sample No.

in the activity age.

Geological condition;
Granitic rock basement. Being situated on the site where NE-SW and NNW-SSE trending lineaments,

seemed to be faults by the presence of their scarps, intersect each other. The former is elder than the latter

Discription;

These fields are located in Mponde Village southeast of Singida Town. Extensive wetland and ponds
with thick vegetation are found in the area. The maximum temperature and pH of the hot spring were
45.4°C, 8.6, respectively. This hot spring is newly reported in this survey.
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Location No. Ko01 DATE 22-Aug-13

Place Name Kondoa | REGION |Dodoma

Cordination;

Longitude (E) [35.78966 | Latitude (S) |  4.90346 [Elevation | 1385 m
Water sample No. [Ko0Ol

Temperature 30.3 °C

pH 7.3

Electric conductivity 228 mS/m

Rock sample No.

Geological condition;
Gneiss of Usagaran system. Being situated on the site where NNE-SSW trending fault is developed very

well.

Discription;

This field is situated in Kondoa Town. The site of the hot spring is protected by a roofed structure and
supplies 3 million L/day to Kondoa Town. The maximum temperature, pH and electrical conductivity of
the hot spring were 30.3C, pH 7.3 and 228 mS/m, respectively. Gneissic rock from the Usagaran System
is distributed in the field, where a NNE-SSW trending fault is well-developed.

JICA Nt - 17 WJEC and MMTEC
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Location No. So01 DATE 25-Aug-13

Place Name Songwe | REGION |Mbeya

Cordination;

Longitude (E) [33.18213 | Latitude (S) | 8.87427 [Elevation | 1121 m

Water sample No. [So01

Temperature 74.8 °C

pH 7.0

Electric conductivity 730 mS/m
So0la travertine

Rock sample No. [So01b travertine

Geological condition;
Quaternary travertine and volcanic zone. The basement of travertine is Cretaceous sandstone and

mudstone.Being situated on the site where NW-SE trending faults are developed very well. Hot spring
and its white sinter are derived from a similar trend of fissures.

Discription;

This site is located at the south side of the Songwe River approximately 30 km west of Mbeya city. The
large amount of travertine (carbonate sinter) are widely distributed over the area. The hot spring is
gushing out from hill composed of travertine.

Huge amount of white travertine characterizes this area. The sinter is more than 10 m thick in maximum
at quarry site observation, and it shows certain layer like a limestone. However, microstructure of the
layer shows the colloform texture that is developed under the precipitation process at the surface like a

sinter activity.

JICA 7Nt - 18 WJEC and MMTEC
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Location No. 1101 DATE 25-Aug-13

Place Name Ilatile | REGION |Mbeya

Cordination;

Longitude (E) [33.21126 | Latitude (S) | 8.89121 [Elevation | 1072 m

Water sample No. |-

Temperature 54.1 °C

pH 6.6

mS/m

Electric conductivity

Rock sample No.

Geological condition;
Quaternary travertine and volcanic zone. The basement of travertine is Cretaceous sandstone and

mudstone. Being situated on the site where NW-SE trending faults are developed very well. Hot spring
and its white sinter are derived from a similar trend of fissures.

Discription;
This site is located at the south side of the Songwe River approximately 30km west of Mbeya city. The
large amount of travertine (carbonate sinter) are widely distributed over the area. The hot spring is

gushing out from hillside which is consistent of travertine.
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Location No. Ra0l DATE 25-Aug-13

Place Name Rambo | REGION |Mbeya

Cordination;

Longitude (E) [33.20984 | Latitude (S) | 8.88503 [Elevation | 899 m
Water sample No. [Ra01

Temperature 79.2 °C

pH 7.0

Electric conductivity 728 mS/m

Rock sample No.

Geological condition;
Quaternary travertine and volcanic zone. The basement of travertine is Cretaceous sandstone and

mudstone. Being situated on the site where NW-SE trending faults are developed very well. Hot spring
and its white sinter are derived from a similar trend of fissures.

Discription;

These fields are located on the left bank of Songwe River, approximately 30 km west of Mbeya City. A

large amount of travertine (carbonate sinter) is widely distributed in the fileds. The hot springs gush out
from a hill composed of travertine. The maximum temperature, pH and electrical conductivity of the hot
springs were 79.2°C, pH 7.0 and 728 mS/m, respectively.
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Location No. Ki0l DATE 26-Aug-13

Place Name Kilambo | REGION |Mbeya

Cordination;

Longitude (E) [33.81793 | Latitude (S) | 9.36253 [Elevation | 984 m

Water sample No. [Ki01

Temperature 61.5 °C

pH 6.9

Electric conductivity 1,013 mS/m
KiOla travertine

Rock sample No. |Ki01b sediment

Geological condition;
Quaternary volcanic zone. Being situated on the site where NW-SE trending faults are developed very

well. Hot springs are derived from a similar trend of fissures.

Discription;

This field is located on the left bank of the river, approximately 30km southeast of Rungwe Volcano.
Travertine accumulates where the hot springs gush out from the hillside and riverbed. The maximum
temperature, pH and electric conductivity of the hot springs were 61.5°C, pH 6.9 and 1,013mS/m.
Quaternary basic volcanic rocks are widely distributed in the field, where NW-SE trending faults are
well-developed. Hot springs well up from fissures with a similar trend.

JICA - 21 WJEC and MMTEC
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Location No. Ki02 DATE 26-Aug-13
Place Name Kilambo | REGION |Mbeya
Cordination;
Longitude (E) [33.81777 | Latitude (S) | 9.36403 [Elevation | 1031 m
Water sample No. [Ki02
Temperature 574 °C
pH 6.6
Electric conductivity 1,030 mS/m
Ki02 basic volcanic rock
Rock sample No.

Geological condition;
Quaternary volcanic zone. Being situated on the site where NW-SE trending faults are developed very

well. Hot springs are derived from a similar trend of fissures.

Discription;

This field is located on the left bank of the river, approximately 30 km southeast of Rungwe Volcano.
Travertine accumulates where the hot springs gush out from the hillside and riverbed. The maximum
temperature, pH and electric conductivity of the hot springs were 57.4°C, pH 6.6 and 1,030 mS/m.
Quaternary basic volcanic rocks are widely distributed in the field, where NW-SE trending faults are
well-developed. Hot springs well up from fissures with a similar trend.

JICA It - 22 WJEC and MMTEC
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Location No. Ma01 DATE 26-Aug-13
Place Name Mampulo | REGION |Mbeya
Cordination;
Longitude (E) [33.79546 | Latitude (S) |  9.54955 [Elevation | 954 m
Water sample No. [Ma0l
Temperature 56.3 °C
pH 7.1
Electric conductivity 1,016 mS/m
Ma01 Conglomerate
Rock sample No.

Geological condition;
Conglomerat and pebbly sandstone.
Being situated on the site where NW-SE trending faults are developed very well.

Discription;

This field is located in Mampulo Village, where the hot springs well up from fractures in the
conglomerate. The maximum temperature, pH and electrical conductivity of the hot springs are 56.3°C,
pH 7.1 and 1,016 mS/m, respectively. Conglomerate and pebbly sandstone, in which NW-SE trending
faults are well-developed, are dominant in the field.

The hot springs are derived from NE-SW trending fissures, which form a dome-like structure with a
higher resistance rather than surrounding areas.
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Location No. Ma02 DATE 26-Aug-13

Place Name Mampulo | REGION [Mbeya

Cordination;

Longitude (E) [33.79627 | Latitude (S) | 9.55239 [Elevation | m
Water sample No. [Ma02

Temperature 52.7 °C

pH 6.9

Electric conductivity 1,022 mS/m

Rock sample No.

Geological condition;
Quaternary basal conglomerate.
Geological condition: Being situated on the site where NW-SE trending faults are developed very well.

Discription;

This field is located in Mampulo Village, where the hot springs well up from fractures in the
conglomerate. The maximum temperature, pH and electrical conductivity of the hot springs are 52.7°C,
pH 6.9 and 1,022 mS/m, respectively. Conglomerate and pebbly sandstone, in which NW-SE trending
faults are well-developed, are dominant in the field.
The hot springs are derived from NE-SW trending fissures, which form a dome-like structure with a
higher resistance rather than surrounding areas.
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Location No. Ka0l DATE 26-Aug-13
Place Name Kasimulu | REGION |Mbeya
Cordination;
Longitude (E) [33.76252 | Latitude (S) | 9.58319 [Elevation | 1025 m
Water sample No. [Ka01l
Temperature 52.6 °C
pH 6.8
Electric conductivity 1,025 mS/m
Ka0la sandstone
Rock sample No. |Ka0Olb silicified rock

Geological condition;
grey sandstone.Being situated on the site where NW-SE trending faults are developed.

Discription;

This field is located in Kasimulu Village close to the border between Tanzania and Malawi. The hot
spring is gushing out from sandstone at the foot of a hill. The maximum temperature, pH and electrical
conductivity of hot spring are 52.6°C, pH 6.8 and 1,025 mS/m, respectively. Grey sandstone is distributed
in the field, where NW-SE trending faults are developed. NW-SE trending fracture is strongly silicified,
and slickenside are observed on the surface.
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Location No. Ks01 DATE 28-Aug-13

Place Name Kisaki | REGION |Morogoro

Cordination;

Longitude (E) [37.57241 | Latitude (S) | 7.51107 [Elevation | 525 m
Water sample No. [Ks01

Temperature 72.3 °C

pH 7.0

Electric conductivity 721 mS/m

Rock sample No.

KsOla travertine

KsO1b travertine

KsOlc sediment

Geological condition;
Quaternary unconsolidated materials (Gneiss basement underlying). Being situated on the site where

NW-SE trending faults are developed.

Discription;

This field is located in Kisaki Village close to Kisaki Railway Station. The hot springs well up from
unconsolidated sediments. The maximum temperature, pH and electrical conductivity of the hot spring
were 72.3°C, pH 7.0 and 721 mS/m, respectively. Unconsolidated Quaternary deposits (underlain by
gneiss basement) cover the field, where NW-SE trending faults are developed.

There are two hot springs aligned along the faults in the Uluguru Mountain and Rufiji area

JCA
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Location No. Ut01 DATE 30-Aug-13
Place Name Utete | REGION |Coast
Cordination;
Longitude (E) [38.76907 | Latitude (S) |  8.00640 [Elevation | 5 m
Water sample No. [Ut01
Temperature 54.4 °C
pH 7.0
Electric conductivity 436 mS/m
Ut0la sandstone
Rock sample No. |Ut01b travertine

Geological condition;
Tertiary light grey sandstone. Being situated on the site where NW-SE trending lineament is poorly

developed.

Discription;

This field is located in Utete Town, approximately 2km south of the Rufiji River. The hot spring gushes
out from light grey sandstone. The maximum temperature, pH and electrical conductivity of the hot
spring are 54.4°C, pH 7.0 and 436 mS/m, respectively. Tertiary light grey sandstone is widely distributed
in the field, and NW-SE trending lineaments in the sandstone are poorly developed. Reddish brown
ferruginous irregular veins have developed in the sandstone. There is no Quaternary volcanism in the

vicinity.
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Location No. Ny01 DATE 31-Aug-13
Place Name Nyongoni | REGION |Coast
Cordination;
Longitude (E) |38.85676 Latitude (S) |  7.82700 [Elevation | 70 m
Water sample No. [Ny01
Temperature 67.2 °C
pH 6.7
Electric conductivity 2,230 mS/m
Ny01 travertine
Rock sample No.

Geological condition;
Quaternary unconsolidated materials. Being situated on the site where intersection between NE-SW and

NW-SE trending lineaments sits.

Discription;

This field is located in Nyongoni Village, northeast of the Luhoi River of tributary of the Rufiji River.
The hot springs well up from unconsolidated sediments with travertine. The field is characterized by
wetland and ponds. The maximum temperature, pH and electrical conductivity of the hot springs were
67.2°C, pH 6.7 and 2,230 mS/m, respectively. Quaternary unconsolidated sediments cover the field
widely, where NE-SW and NW-SE trending lineaments intersect.

The area characterized by hot springs covers a surface area of 300 m by 200 m. There is no Quaternary
volcanism in the vicinity.

T Hot spriig T

Hot spring
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Petrography sheet No.1

Field Lake Natron (Na0l)

Rock name: Basalt
The rock is aphyric basalt.

The ground mass shows intergranular texture and mainly consist of feldspar laths and
pyroxenes. The feldspar laths are 0.2-0.3mm in diameter. The pyroxene is under 0.1mm
in diameter.

Description

Altered brown clay minerals are observed.
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Petrography sheet No.2

Field

Songwe (So01b)

Plane-polarized light

0 e R S L

Crossed-polarized light

Description

Rock name; Travertine

The rock consists of almost all calcites and shows dendritic texture.
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Petrography sheet No.3

Field Kilambo (Ki02)

Plane-polarized light
. ‘\ IH- _i-', F, -J. . -.

Rock name: basalt

» The rock is plagioclase-pyroxene basalt. The maximum diameter of pyroxene is 5mm. The
ground mass shows intersertal texture of volcanic glass, fine plagioclase laths and
pyroxene.

» The vesicles (amygdaloidal texture) are filled by intergrowth calcite.

Description
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Petrography sheet No.4
Field Mampulo (Ma01)

Plane-polarized light

Rock name: Conglomerate

The rock consists of quartz granule with matrix of fine quartz and opaque minerals. The
quartz granules show sub-round form and undulatory extinction. The grain size of quartz
is mainly 2mm in diameter, less 1 mm up to more 5mm.

The matrix shows partially reddish brown color.

Description
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Petrography sheet No.5
Field Kasimulu (Ka0la)

Rock name: sandstone

» The rock consists of mainly quartz fragments and fine grain matrix. The quartz fragments
have sub-rounded to angular forms. The biotite vein with opaque mineral is observed.

» The matrix consists of fine quartz and observes brown opaque minerals and clay minerals.

Description
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Petrography sheet No.6

Field Kasimulu (Ka01b)

Plane-polarized Ilght

**# :
’j#,‘ k*}paque ml?’meral 4

‘3*1*'

Description

Rock name: Sandstone

The grains consist of mainly quartz, irregular form and undulatory extinction. Little
opaque minerals in the fine matrix, show aggregate of irregular shape.

Clay mineral and brown opaque mineral are observed.
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Petrography sheet No.7

Field Utete (Ut0la)

Plane-polarized light

Rock name: silicified rock

The rock consists of almost quartz, which forming aggregate of subhedral quartz of 1mm
in diameter.

Description

+  The grain boundaries of quartz show partially corroded form.
Fine quartz, a small amount of fine opaque and clay minerals are observed in the matrix.
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Petrography sheet No.8
Field Nyongoni (Ny01)

Plane-polarized light

"I
" (3
: IEI L]

Crossed-polarized light

Rock name: Travertine
The rock consists of calcite, which fine opaque minerals are within the calcite.

The rock shows granular or dendritic texture. The porous texture which inferred to form
in precipitation process is observed.

Description
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Import file NAO100000.asd_high.txt
36
317
= ]
S
o 267
[&]
c
g ]
]
o
— 217
7}
a4 ]
Lake Natron (Na0O1), basalt
167 Mineral: non-detection
11 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file NA0200000.asd _high.txt
1.4
7.27
= ]
S
o 7.07
[&]
c
S ]
]
3
— 6.7
7}
[n'd 4
6.5 | Lake Natron (Na02), basalt
1| Mineral: non-detection
3 T T T T T T T T T T T
1298 1499 1699 1900 2101 2301 2502
Nanometer
Import file NA0200001.asd_high.txt
38
347
= ]
S
o 307
[&]
c
g ]
]
o
— 27
7}
a4 ]
Lake Natron (Na02), basalt
237 . . :
Mineral: non-detection
19 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file MNO1a_00000.asd_high.txt

397
= ]
S
o 377
[&]
c
g ]
]
o
— 357
7}
[ad |
33+ Lake Manyara (MnQ1), gneiss
1| Mineral: sericite, smectite?
31 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file MNO1b00000.asd_high.txt
51
437
= ]
S
o 367
[&]
c
g ]
]
o
— 29
7}
[a |
_ ake Manyara (Mn , sedimen
21 Lake M MnO01b), sed t
4 | Mineral: anhydrite
14 T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file NG0000000.asd_high.txt
16
14
= ]
S
O 13
[&]
c
g ]
]
o
— 127
7}
[ad |
Ngorongoro (Ng01), sediment
107
Mineral; Smectite
9 T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file EY0100000.asd_high.txt
38
33
= ]
S
o 287
[&]
c
g ]
]
o
— 237
7}
[ad |
18- | Lake Eyasi (Ey01), sediment
4 | Mineral; anhydrite
n.
3 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file BA0O1a00000.asd_high.txt
<
S
()
(&)
c
S
8
(&)
@
=
)
@
Masware (Ba01la), gneiss
Mineral; smectite, illite?
n.
2 T T T T T
1300 1500 1700 1000 2100 2300 2500
Nanometer
Import file BAO1b00000.asd_high.txt
51
477
= ]
S
o 437
[&]
c
g ]
]
o
— 38
7}
[ad |
34| Masware (Ba01b), sediment
1| Mineral; kaolinite? Smectite?
30 T ' T ' T ' T ' T ' T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file BAO1c00000.asd_high.txt
89
Masware (Ba01c), sediment
Mineral; kaolinite, Smectite?
<o
S
0}
[&]
c
<
]
[&]
Q
=
7}
a4
T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file HAO100000.asd_high.txt
101
887
= ]
S
O 767
[&]
c
g ]
]
o
— 64
7}
a4 ]
Balangida lalu (Ha01), sediment
527
Mineral; kaolinite
40 T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file TAO1a00000.asd_high.txt
31
4| Takwa (TaO1a), granitic rocks
29 | Mineral: vermiculite
= ]
S
o 287
[&]
c
g ]
]
o
— 267
7}
a4 ]
257
23 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file TAO1b00000.asd_high.txt

<o
S
0}
[&]
c
<
]
[&]
Q
=
7}
a4
2g-| Takwa (TaO1b), sediment
1 Mineral: smectite
23 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file SO01a00000.asd_high.txt
92
807
= ]
S
o 677
[&]
c
g ]
]
o
— 557
7}
a4 ]
43 Songwe (So01a), travertine
1 Mineral; calcite
31 T ' T ' T ' T ' T ' T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file SOO1b_00000.asd_high.txt
o
S
0}
[&]
c
o]
]
[&]
Q
=
7}
a4

Songwe (So01b), travertine

1 Mineral; calcite

n

T

Z T
1300 1500

I I
1700 1900 2100

T I T I
2300 2500

Nanometer
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Import file KI01a00000.asd_high.txt

101
92
= ]
S
o 837
[&]
c
g ]
]
o
— 747
7}
a4 ]
65| Kilambo (KiO1la), travertine
1| Mineral; calcite
Q
6 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KI01b_00001.asd_high.txt
56
507
= ]
S
o 447
[&]
c
g ]
]
o
— 38
7}
a4 ]
Kilambo (Ki01b), sediment
327
Mineral; kaolinite
26 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KI0200000.asd_high.txt
15
14
= ]
S
O 12
[&]
c
g ]
]
[&]
Q
=
7}
a4

9 | Kilambo (Ki02), basalt
41 | Mineral; non-detection
8 T ' T ' T ' T ' T ' T
1300 1500 1700 1000 2100 2300 2500

Nanometer
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Import file MA01_00000.asd_high.txt
57
517
= ]
S
o 457
[&]
c
g ]
]
o
— 38
7}
a4 ]
39-| Mampulo Ma01), conglomerate
1| Mineral; kaolinite
26 T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KAO1a00000.asd_high.txt
42
397
= ]
S
o 367
[&]
c
g ]
]
o
— 33
7}
a4 ]
30-| Kasimulu (Ka01), sandstone
1| Mineral; kaolinite
27 T ' T ' T ' T ' T ' T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KAO1b00000.asd_high.txt
o
S
0}
[&]
c
o]
]
[&]
Q
=
7}
a4
11 Kasimulu (Ka01b), silicified sandstone
1 Mineral; kaolinite
10 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file KS01a00000.asd_high.txt
67
64
= ]
S
o 617
[&]
c
g ]
]
o
— 58
7}
a4 ]
541 Kisaki (Ks01a), travertine
1| Mineral; calcite
51 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KSO1b00000.asd_high.txt
49 ‘/\/f
437
= ]
S
o 377
[&]
c
g ]
]
o
— 31
7}
a4 ]
25— | Kisaki (Ks01b), travertine
41 | Mineral; calcite
19 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file KS01¢c00000.asd_high.txt
50
437
= ]
S
o 367
[&]
c
g ]
]
o
— 29
7}
a4 ]
Kisaki (Ks01c), sediment
227
Mineral; calcite
15 T T T T T T T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Import file UT01a_00000.asd_high.txt
53
477
= ]
S
o 427
[&]
c
g ]
]
o
= 37
7}
e ]
31| Utete (Ut01la), sandstone
1| Mineral; kaolinite
26 T T T T T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file UT01b00000.asd_high.txt
45
417
= ]
S
o 367
[&]
c
g ]
]
o
= 32
7}
e ]
28 Utete (Ut01b), travertine
1 | Mineral; calcite
23 T ' T ' T ' T ' T ' T
1300 1500 1700 1900 2100 2300 2500
Nanometer
Import file NYO100000.asd_high.txt
85
747
= ]
S
o 647
[&]
c
g ]
]
o
— 537
7}
a4 ]
43 Nyongoni (Ny01), travertine
1| Mineral; calcite
2 T ' T ' T ' T ' T ' T
1300 1500 1700 1900 2100 2300 2500
Nanometer
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Spring Temp. pH /Y HCO; Cl SO, F Ca Mg Na K Si SiO, Ref.
Area °C pHL mag/l mag/l mag/l mag/l mg/l maq/l maq/l maq/l mg/l maq/l
Coastal Basin and Nothern Rift System
Tanga
Kidugaro 37 6.6/7.0 620 1,100 63 0.8 192 21 700 49 14 29 G
Lake Natron
East 38-50 8.9 3,780 940 145 24 2 1 2,280 56 n.a. 30 D
Central 35 9.3/9.4 25,000 2,040 1,730 350 2 0.5 10,800 617 50 106 G
West 32 10/10 3,800 1,070 136 22 0.8 0.1 2,080 34 11 23 G
Ngorogoro 32 7.6 268 12 2 1.4 4.5 11 61 12 n.a. 110 D
Lake Manyara 69 9.9 >1,100 235 30 n.a. 2 2 580 n.a. n.a. 98 A
Lake Eyasi 42 9.3 3,390 4,810 680 59 1 1 5,440 50 n.a. 44 D
Musoma
Maji Moto 60 9.4 1,832 1,140 445 20 1 1 1,980 33 n.a. 98 D
West Lake
Mtagate 53 8.1 44 14 18 1 13 1 20 3 n.a. 50 C
Central Cration Precambrium Terrain-Rufiji Basin
Dodoma - 3047 1 7289 | 151500 | 48770 | 3730 | 0895 | 23110 | 0127 | 93015 2-49 na. 29-56 D
Singida - 7.5-8.9
Kondoa Max-Min values from 8 analyses representing 7 different springs
Rufiji Valley
Maji y Weta 70 8.5 750 160 300 n.a. 40 32 815 n.a. n.a. 65 C
Utete 55 7.5 756 147 280 4.3 16 5.8 510 20 n.a. 40 D
Luhoi 50-75 na na na na na 22.4 na 2,472 176 15.3 n.a. F
Southern Rift System
Lake Rukwa
Ivuna 60 8 200 2,040 225 7 78 17 1,320 76 n.a. 100 E
Songwe River
Rambo 86 6,6/7,5 1920 215 170 9 23 8 840 93 n.a. 68 D
Main 72 6,7/7,4 2000 197 168 7.6 39 16 773 100 35 75 G
Marlo 53 6,7/7,2 2000 225 175 8.8 44 9 823 90 32 69 G
Nyasa Basin
Kilambo 59 6,7/7,2 3840 350 405 2.7 30 12 1810 64 n.a. 120 D
Kasimulu 61 6,7/7,1 3070 220 360 2 63 19 1330 74 n.a. 130 D
Kalambo 58 6,8/7,0 2610 410 230 3.2 73 34 1170 75 n.a. 120 D
Mampulo 63 7.2 1425 135 230 na 36 18 910 na n.a. 125 B
Note: 1) F=field analyzed, L= laboratory analyzed References: A. Harris 1951 — B. Harkin 1960 — C. Walker 1969 — D. SWECO 1978 — E. Makundi and Kifua 1985 - F.
First Energy Company Ltd 1999 — G. SWECO 2004 (DECON-SWECO, 2005)
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Spring area | Temp Silica Chalcedony Na-K Na-K-Ca F |CO| Ref.
Name °C °C °C °C °C mg/l | mg/l
Coastal Basin and Northern Rift System
Tanga
Kidugaro 37 78-83Y 47 146-152? 167 08 |<01| C
L. Natron
East 38-50 80 48 n.a. 172 24 0 A
Central 1 35 136-140 114 127-134 257 350 | <0.1 C
Central 2 28 81-85 48 114-122 210 27 | <0.1 C
West 32 69-74 37 40-51 159 22 | <0.1 C
Ngorogoro 32 143 116 279 215 14 | 12 A
(Caldera)
L Manyara 69 107 109 n.a. n.a. na. | na. B
L Eyasi 42 55 66 n.a. 144 59 0 A
Musoma
Maji Moto 60 123 109 n.a. 156 20 0 A
Central Cration Precambrium Terrain-Rufiji Basin
Dodoma -
Singida - 31-47 78-107 n.a. n.a. 58-116 1-10 | 1-21 A
Kondoa |Max-Min values from 8 analyzes representing 7 different springs
Rufiji Valley
Maji y Weta 70 91 86 136 177 72 | 74 A
Utete® 55 90-92 61 na. 154-157 | 4.3 | 69 A
Luhoi 50-75 n.a. n.a. 140 210 na. | na. D
Southern Rift System
Songwe River
Rambo 1 86 117 88 196 216 9 110 A
Rambo 2 83 111 88 189 213 9.1 | 222 A
Rambo 3 73 128 88 216 217 7.3 | 181 A
Main 72 120-121 93 216-217 219 76 | <1 C
Marlo 53 117-118 89 195-198 209 88 | 94 C
Nyasa Basin
Kilambo 1% 64 148-161 122 113-119 176-177 19 | 245 A
Kilambo 2% 59 148-161 122 88-103 164-176 2.7 | 439 A
Kasimulu 1 61 152 127 124 176 2 441 A
Kasimulu 2 58 140 127 126 180 1.8 | 208 A
Kalambo® 58 148-161 122 144 189 32 | 73 A
1) Higher ref C values represent adiabatic and lower values conductive conditions.
2) Higher ref C values according to White and Ellis and lower according to Fournier and Truesdell.
3) Analyses on duplicate samples.
4) CO: are all calculated values.
References: ~ A. SWECO 1978 - B. Hochstein et al. 2000 - C. SWECO 2004 - D. First Energy Company Ltd 1999
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5. 温泉水の化学分析値から計算された地化学温度（既存データ）
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6. {w/k Db AR R R~

T-Si0, (adia.)

T-Si0, (cond.)

T-Si0, (chal.)

T-Si0, (a-crist.)

T-Si0, (amor.)

TNa-K (Truesdell)

TNa-K (Fournier)

TNa-K-Ca

Tna-K-Ca-Mg

TAMg

TKMg

JCA

1522 - —273.15
5.75-1og(T - Si0,)
1309 - —273.15
5.19 —log(T - SiO,)
1032 - -273.15
4.69 —log(T -Si0,)
1000 - —273.15
4.78 —log(T -Si0,)
731 - —273.15
4.52 —1og(T - Si0,)
856 —273.15
0.857 + log(Na/K)
1217 —-273.15
1.483 + log(Na/K)
1647

T7AFIN s LR—=F (B¥=7)

Fournier (1977)
T-Si0,: mg/L

Fournier (1977)
T-Si0,: mg/L

Fournier (1977)
T-Si0,: mg/L

Fournier (1977)
T-Si0,: mg/L

Fournier (1977)
T-Si0,: mg/L

Truesdell (1976)
Na, K: mg/L

Fournier (1977)
Na, K: mg/L

—273.15 Fournier and

log(Na/K) + 3xlog(~/Ca/Na)+2.24

1647

JeaNa < 1% 713

log(Na/K) +4 /3 x log(\/a/Na)+ 224
B=1/3, TNLSOFE, B= 4/3

1647

Na, K, Ca:

log(Na/K)+ Sxlog(,/Ca+Mg/Na)+2.24

Ca/Na<1E721%

B=1/3, LI DKE, g =

log(Na/K) + 4 / 3 x log(\ Ca/Na) + 2.24

-273

Na, K, Ca,

1) ZOIREEFHIT-NaKICMghi IEZ N 2. 58 D TH D,

2) TNa-K-Ca<70°C D FE L3 H S 41720,

3) ROAE RS M)>50D it Z O Y& FHdE F Sz,
4) 5 =R =500DHFAMg=10.66-4.7415 X R+325.85 X (logR)2-1.032 X 105 X

7) TAMg="TNa-K-Ca"-AtMg

4410 —273.15

13.95 — log(K2/Mg)

7N-48

—273.15

Truesdell (1973)

—273.15 > 100D

mol/L

Fournier and
Truesdell (1973)
15>100 R,

Mg: mol/L

Mg

R =————0100
Mg+ Ca + K

K, Ca, Mg: meq/L

T=TNa-K-Ca (K)
5) 0.5<R<5DHF, AtMg=-1.03+59.971 X logR+145.05 X (logR)>-36711 X

B (logR)*/T-1.67 X 107 X logR/T? B
6) 4), 5) Tat B L7 AtMg<ODEE, F72IZR<0.5DFE, Z DR FE FHi A S,

K, Mg: mg/L

Fournier and
Potter (1979)

Giggenbach (1988)

WJEC and MMTEC
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6. 温泉水の地化学温度計算式一覧
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(]

o 0,
$ 5.0%

o
L4.0%
L

3.0%
2.0%
1.0% +
0.0%

0O 10 20 30 40 50 60 70 80 90 100110120 130140 150160 170180 190 200
Output (MWe)

100
90 +
80
2 e |
2 90 1
S 40
g 30 4
“ 20 7
10
0 i
0 50 100 150 200
Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 6.00 - 24.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 170 190 210
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Lake Natron
JCA F-49 WJEC and MMTEC
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7. モンテカルロ解析を適用した容積法による地熱資源量計算結果
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12.0%

10.0%

8.0%

6.0%

Frequency

4.0% L e

2.0%

0.0%

0O 10 20 30 40 50 60 70 80 90 100110120 130140 150160 170180 190 200
Output (MWe)

100
90 +
80
2 6|
g 50 7
S 40
g 30 4
“ 20 7
10
0 i
0 50 100 150 200
Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 6.00 - 24.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 140 160 180
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Lake Manyara
JCA F-50 WJEC and MMTEC
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14.0%

12.0%

10.0%

8.0%

6.0%

Frequency

4.0% L e

2.0%

0.0% -
0 20 40 60

100 120 140 160 180 200

Output (MWe)

100
90 +
80
2 6|
g 50 7
S 40
g 30 4
“ 20 7
10
0 i
0 50 100 150 200
Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 6.00 - 24.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 140 160 180
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Lake Eyasi
JCA F-51 WJEC and MMTEC
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12.0%

10.0%
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Frequency
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20 40 60

100

80 100 120 140 160 180 200

Output (MWe)

90 +

80

70 +

60

50

40

30

Frequency (%)

20 +

10

50

Input

100 150 200

Output (MWe)

—8— Accumulation —&— Possibilityl

Parameter

min. most likely max.

Reservoir Area (km?)

6.00 - 30.00

Reservoir Thickness (m)

1800 2000 2200

Rock Density (kg/m®)

2400 2600 3000

Porosity (-)

0.01 0.05 0.10

Recovery factor (-)

0.025 - 0.125

Rock Specific Heat (kJ/kg°C)

0.70 - 1.00

Reservoir Average Temperature (°C)

140 160 180

Reservoir Average Pressure (MPa)

- 10.0 -

Heat-Electricity Conversion Factor (%)

1.9% 6.3% 11.4%

Plant Life (year)

- 30 -

Load Factor (-)

- 0.85 -

Abandonment Temperature (°C)

- 80 -

Probability Distribution of the Geothermal Potential for Babati

JCA

INf+-52 WJEC and MMTEC
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100 %
L
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o
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100 150 200 250 300
Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 18.00 - 72.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2600 2800 3000
Porosity (-) 0.01 0.03 0.05
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 100 120 140
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Msule
JCA F-53 WJEC and MMTEC
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Frequency (%)
wWhH o~
o

N
o

=
o

i > YT OOUUVOTUU
0 200 400 600 800 1000
Output (MWe)

o

—— Accumulation —&— Possibility

Input

Parameter min. most likely max.
Reservoir Area (km?) 27.00 - 75.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.125 - 0.250
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 210 230 250
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 12.0% - 14.0%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 180 -

Probability Distribution of the Geothermal Potential for Songwe

JCA 7f-54 WJIEC and MMTEC
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Output (MWe)
100 #
90
80 | N
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o 1
S 60 |
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o
s 40
g 30 4 BN
“ 20 |
10 ¢ gy
0 ! A
0 50 100 150 200 250 300
Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 12.00 - 35.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 170 190 210
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Kilambo
JCA TAf-55 WJEC and MMTEC
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Parameter

min. most likely max.

Reservoir Area (km?)

12.00 - 35.00

Reservoir Thickness (m)

1800 2000 2200

Rock Density (kg/m®)

2400 2600 3000

Porosity (-)

0.01 0.05 0.10

Recovery factor (-)

0.025 - 0.125

Rock Specific Heat (kJ/kg°C)

0.70 - 1.00

Reservoir Average Temperature (°C)

180 200 220

Reservoir Average Pressure (MPa)

- 10.0 -

Heat-Electricity Conversion Factor (%)

1.9% 6.3% 11.4%

Plant Life (year)

- 30 -

Load Factor (-)

- 0.85 -

Abandonment Temperature (°C)

- 80 -

Probability Distribution of the Geothermal Potential for Mampulo

JCA

UN{+F-56 WJEC and MMTEC
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Parameter

min. most likely max.

Reservoir Area (km?)

9.00 30.00

Reservoir Thickness (m)

1800 2000 2200

Rock Density (kg/m®)

2400 2600 3000

Porosity (-)

0.01 0.05 0.10

Recovery factor (-)

0.025 0.125

Rock Specific Heat (kJ/kg°C)

0.70 1.00

Reservoir Average Temperature (°C)

170 190 210

Reservoir Average Pressure (MPa)

10.0

Heat-Electricity Conversion Factor (%)

1.9% 6.3% 11.4%

Plant Life (year)

30

Load Factor (-)

0.85

Abandonment Temperature (°C)

80

Probability Distribution of the Geothermal Potential for Kisaki

JCA

INF-57 WJEC and MMTEC
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200
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Input

Parameter min. most likely max.
Reservoir Area (km?) 9.00 - 30.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m®) 2600 - 3000
Porosity (-) 0.01 - 0.05
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 150 170 190
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -

Probability Distribution of the Geothermal Potential for Utete

JCA f-58 WJEC and MMTEC



777V AR 7 ) F1 EABHTELS $R B I ERINAE - WEREE

T7AFI s LER—=F (ZPFZ7)

14.0%
12.0%
10.0%
3'8.0%
c
Q
>
2 6.0%
L
4.0%
2.0%
0.0% -
0O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Output (MWe)
100 #
90 T
80 T
-~ 70
o 1
S 60 |
2 90 1
g 40
© 30 7
“ 20 | <
10 _.J \M
0 ! —A—h—A—A—4A
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Output (MWe)
—&— Accumulation +Possibi|ity|
Input
Parameter min. most likely max.
Reservoir Area (km?) 9.00 - 30.00
Reservoir Thickness (m) 1800 2000 2200
Rock Density (kg/m°®) 2400 2600 3000
Porosity (-) 0.01 0.05 0.10
Recovery factor (-) 0.025 - 0.125
Rock Specific Heat (kJ/kg°C) 0.70 - 1.00
Reservoir Average Temperature (°C) 180 200 220
Reservoir Average Pressure (MPa) - 10.0 -
Heat-Electricity Conversion Factor (%) 1.9% 6.3% 11.4%
Plant Life (year) - 30 -
Load Factor (-) - 0.85 -
Abandonment Temperature (°C) - 80 -
Probability Distribution of the Geothermal Potential for Nyongoni
JCA F-59 WJEC and MMTEC
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