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Hot Brine Waters at Dallol in the Danakil Depression, Ethiopia

Akito KoGA and Tetsuro NODA
Institute of Balneotherapeutics, Kyushu University

ABSTRACT

Dallol, in the northern part of the Danakil Depression in Ethiopia, is a flat, salt-encrusted
plain. The area, below sea-level elevations as low as 120 meters, occupies a sedimentary
basin filled to several thousand meters with evaporites, mostly bedded halite. Minor inter-
beds of clay shale, gypsum, anhydrite, and a thick bed of potash are also encountered.

From the salt pan, Dallol Dome rises as a notable topographic and geologic feature, com-
posed of salt. On the Dome, several springs are discharging on salt cones, having over 100°C
temperatures and very low pHs. The cones are spectacularly tall, brilliantly colored mounds
of salt with intervening pools of yellow, orange and blue-green brine. These colors are prob-
ably due to the oxidation of ferrous to ferric chloride.

Just east of Black Mountain near Dallol Dome, there is a brine pool, of 110°C temper-
ature and rich in MgCl,. The water sample solidified shortly after collection, indicating
supersaturation with salts. X-ray diffraction pattern of the solidified product showed an
existence of bishofite (MgCly. 6Hz0).

All Dallol waters are characterized by very high totals of dissolved solids (up to 525 g/kg).
Salinity is generally proportional to temperature. They can be grouped into three chemical
suites, all of which are strongly chloride; Mg» 3! other cations; Na» 3>} other cations; and
Na>Ca>K~Mg.

Of all Dallol waters, 2 representative samples (one is the salt-brine water of pHO0.2, and
the other is the solidified hot spring water) were analysed in more detail, including trace
elements, for a comparison with the solution in the process of continued evaporation of sea
water. Thus, it was clarified that the chemical compositions of Dallol waters were one of
steps in the concentration process of sea water and were just the reflection of the nature of
evaporites around the hot springs.
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Dallol (3 =5+ v 7 ® Danakil [E#ho Bt H b, =4 F A 120m OEMTH L. 2>D
< oYk » Danakil Alps ORI X VL ®»bh, Chh S (FHERNE 50mm LT,
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FE % B 3000~6000 mm) P X h T4 Ule REFIC KITEB D 7o it & TR ol & v o
ERENBE IR TR Y, W ECETHRIBROZREBIIE « LT D, LIS F— a5
Hv, FohicEsoRRNBE LARCIEVWIREROAT O RCENELZ LTS, #E
CILREE Y A% SRR (brine water) 23T 2iC$H 5.
wmEO—A (HE) X171 4E3 A, YthckbirE, ThODORREHASTS LI,

Ec Bk B 5 L b 2 o0iRM (12 pHO0.2 oiffigt: o brine water, (X HRE
11110°C 7228, 8ok 35 &, T ELT 2IRE) AP bIF D Mo TefTo . E,
=t b Dallol I RKDERIC2WT, WHRKOBMERIER L EBY LicD THhEd 5.

2. Dallol @ % &

Danakil {113 1 1\@R3 X 512, fLygss B 50~80km PIfEIC A b, & & 180 km, {E60km
DL DH %13, evaporite IXJLIICEHL B, £ OEHD 2/3 (GEFEDIFET-CHPET X
S ThHDdDBRTWS, K-8 Dallol i R shi-nix, 2 & T0FFTH5H. 19064,
4 29 ¥ AP K- deposit % Black Mountain & MEh 2T CHRE L. =@ deposit
BRAC L > TEBRILDTH B, FH—RAREHHIEE S, EEEOE» VERTH-
fo. LavL, RERBIGREFENRERC X Pk 3h, FTARKERE X CTHE Shi. 19494,
FO Dallol ® K, Mg, S =54 7O X bR D X 51ciny, 1954 ELRE, K4
#iz Dallol #iX. > deposit DA 7t Xhfz.

Dallor #X o #iE 2 09#% 3% Holwerda & Hutchinson (1968)12 X b BEfllic /s ST\ 5.
F i, Dallol 13T # — P AC kSRR, BIEESCHRED deposit iI2 & » THRESh
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Fig. 1. Location and Topographic and Geological Features, Danakil
Depression, Ethiopia (after J.G. Holwerda et al (1968)).
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TFFET  Xr—APWEOREES ZEL 3

TR T©H v, Ralph M. Parsons &4 & < U720 1000m ORI LTV 548
Far X halite EZbh T\ 5. Fi4ic clay shale, A7, anhydrite, K-lD~ » Fii%h 5.
MgCl, 2 MgS0, LT 4icdh 5% evaporite O LkDOYEREIL FMTHD. B 5~6km
CETLTHAS D . FARIIUFEERE DS (basalt gabbro) 2 bico T 5.

Danakil {310 Frieifisris RERTH D, FOHIC F—aid%. F— a0 @ Black
Mountain 3% b, Asale WoE iz Skating Rink ¢t HIh2Tind 5. SEL~1F A
HMnut# gk, W, BT KA 0m T, LLEFELE 3000m fFO 2D BE

I X %R LT 5,

fﬁﬁﬂ@ﬁ%av &~ ﬁ&@%% DT, BEIFOE R BILTE LiclE o B R4
%Liotb,w%E@@%Liéﬁw%kﬁsmT@k&E@Eﬁ&ﬁgﬁW@fﬁeﬁﬁ
CrrboThHsHd. BRPI V-2~ %&#ﬁﬁh—ﬂkﬁhfbé@u Jb 4 VE~GE 2 Wi
BRHH LEBHRLT S, -

Dallol @ evaporite It AT & - & %%ﬂ,b POELTHBENELDD—DTHY,
WD LD E FELHRTWS. Zhbd evaporite ILFEHNCIT\F528 5 b BAE -, ke
DEAC, B4R5ERENRKLERL - 0ZHO—FRVCITCE - T\ 5%, evaporite 23T
7R B 25°C » b 55°C offlicA 5 Embh T 5,

Dallol OEERIIAUSICH <, EELIFHAT -7 3 DT 50°C 2R LTH D, 84
i 68°C DEFENH B E VIR THRLBVHTH 5.

3. Dallor #1IKDER

Dallor #1X2> & 11 {EORF KRS S hiedy, £OEKMEIR21RT. Thbb,
F =2l b 318 (1, 2, 3), Black Mountain [ff352s5 4 18 (4, 5, 6, 7), Skating Rink
BT R B 11E (8), fluckiER»H 3@ (9, 10, 11) Th 5. hboSHiEREE LIThF
bhb.

Springs 1, 2, 3 X F—aDfZH B, F~— sk Dallol Mountain & T 523,
JLFE X 3km, 1§ 2km OEX2H D, BIRFKRER»D 40m E53FTH5. BRI MR
3, 100°C D ETRETHMIN, 27— 74K EVLERWERERE- T3, UL, i,
B, THEFROAYETLIOLNHD. thbXEORc X %30T, filbgkoEwEN
B, BALLXREBOBACHRT 5 ETbh T, s hbORFL 2~3 2 AEIE
FekEz, —EBHNIEIrE, EOBIAEEEST, Fazv— ALK TT 5, DR
Wik native 7z S 2B v, SO, DRI Hh, FEINFHITT o BRI, BRKOmImMC
B pH ([l d 1.0 UTF) BB L 3d0&Excdd, BLERD X 51T, D hTERC X
B L.

F— A0F i Black Mountain 3% %. ik 1926 EFDRRCIZIDEINTND
M, FOLORTE)ERLEOEE N T, ZOfEE Mn DEEMT LD DE IR TS,
£ ORI S 4 K Shiess, pH kb 33, #RINKME Mg>Ca th b, SO,
IS T e o1z, BcElEkd 5 01k Spring 5 ¢, 1906 4 Tullio Pastori iz X h FE R X
Nic. BEOTHC TNTBHEEL 130°C L 3n T2, Lxl, 1971E0EHDHOHRK
BRI 110°C TH o7, ko MeCl T, k35 & aimic B LTr v Rc7a DE %
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Fig. 2. Sampling Points of Waters at Dallol.

Table 1. Chemical Analysis
Spring ‘ S R ‘ H,S ’ COy | HCOs |4 Ccos | NH; | 9L K

1 >107.5/ 0.1 0.5 1.3 0 0 0 n.a. 5.5 3570
2 105 | small | <0.5 1.3 0 0 0 n.a. 4.4 2126
3 hot — <1.0 1.0 0 0 0 n.a. 7.0 £680
4 41 — 3:5 4.6 0 0 0 n.a. 5.2 559
5 110 2 3.0 n.a. 0 0 0 n.a. 4.1 3600
6 70 nil <3.0 n.a. 0 0 0 n.a. 8.8 8300
7 hot — n.a. n.a. n.a. n.a. n.a. n.a. 10.0 7640
8 34 nil n.a. n.a. n.a. 69 0 n.a. 3.3 5180
9 cool — 6.1 0.7 476 146 0 n.a. 3.0 5190
10 cool — 5.9 0.8 748 147 0 n.a. 4.0 6040
11 30 nil 6.6 0.8 92 85 0 n.a. 0.5 1550

B
m

not analysed
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FRUTRECR 2 2KNH b P Th 5. Spring 8 TH A, EEIX 34°C ¢ NaCl-CaCl,
FROKTH 5. MHEIOEFITHRMARLE > Tk D, HEPBIHARE LTS,

Tz Ofs, #orEEL WA, Dallol © F— a0k XUt CO, ofE L T\w5%
‘brine water 233 %. Springs 9, 10, 11 TH b, filhd Fe 2D AR VDiz Mn 234
WEERD DD, thbd CO, 13T o REEHE L HiED brine water L OFRJRIC X H £ T
PDEIRTVS.

eiE4 5 L, =k b Dallol oERKEL 30°C 225 110°C o<, pH ik <0.5 225 8.8
CRATWS., HEFRER—BCEBHEECHA LTV, £LT, Zhbik320x1 712
Lk, 1) Mg> Y other cations, 2) Na> > other cations & 3) Na>Ca>K~Mg TH
. i1, BEAAOZ EEKC Fe & Mn 234\ &, Fe 1z 806 7225 9410ppm, Mn
1386 7% 386 ppm [TE LTV 5.

FEENeoX NaK ek b, 0.7 55 106 cB.8. 8, thbEBRBINS D0
WIESHCRT B ETAERNIDRTHZ LTS,

4. Spring 1 & 5 O#ML9H

AR X 5 1c, EEo—Aux Dallol @ Spring 1 & 5 % AACELIR D, FEEMICOMN
HfT ot TORRIIFEZCARENS. Spring 5 1XE(L L DT, FECEHS S LT
TS, WEIZ B X D EME U TR B 78 5 72 b O EEN DBEANLEULDDH - .
7e¥, FE21WB\WT, Spring 11X mg/l CHEA %R LT\ 54, Spring 5 1XBAKK (2 VU »
TA) BTV -2 -CB L, g3t o2L, HLEXEENE L THWLOT,
ZOFFRIL mgkg TERLTHS.

=FFECTREBWTCHIELFE LD Spring 1, 5 & FESMERTLI—FK LTS,
EK2EAMLTHEbLLILX S Springl & 5 21X CUYF a2 0L X, D CIHRIREE T
PDH-ERSD, Tibb, Spring 1 (3R NaCl iz L, Spring 5 1358 MgCl, B¢
BB, Spring 513, Lo TRIEMEA G2, X HEYT % & b Bishofite (MgCl,-6H,0)

of Dallol Waters (in ppm).

Na Ca Mg Fe Mn F Cl SOy HBO, SiOg
101000 6740 2910 | 6170 360 37.5 | 182700 2971 n.a. n.a.
110000 1370 1390 | 7520 171 42 184200 4910 n.a. n.a.

92500 3440 5260 | 9410 357 49 184000 3400 n.a. n.a.

1100 4900 92200 | 1572 126 2 276000 85 n.a. n.a.
1945 6280 104000 806 86 20.5 | 312000 489 n.a. n.a.
4190 8140 81400 | 1790 234 4.3 | 263200 524 n.a. n.a.
3000 7040 84800 | 2260 386 6 272000 41 n.a. n.a.

68300 | 27780 5240 <0.1 14.6 1.3 | 170400 218 n.a. 20

69800 | 21500 6960 <0.1 27 2.8 | 169800 313 149 28

62600 | 33200 5820 0.7 17 4 173300 212 261 19

97000 4090 3040 0.1 12.3 <0.5 | 161500 1220 n.a. 20
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Table 2. Chemical Analysis of Dallol Waters (ppm) by Koga and Noda.

Spring 1 Spring 5 Spring 1 Spring' 5
S.G. 1.211 1.41 F- 113 186
pH 0.2 2.0 Br- 86 5600
Na+ 108000 2570 I- 17 0
K+ 5800 4710 SOz~ 6700 259
Lit+ 6.4 3.9 POs- 25 0
Rb+ 4.1 0.5 NO;z~ 2.9 179
Cs* 0.5 7.5 HBO, 404 327
NH,+ 197 1041 SiO, 120 28

Ca2+

N zégg mjgig Na/K 31.7 0.93

Sp2+ 148 lic Na/Ca 36.8 1.93

Na/Mg 32.2 0.026

Fes+ 6930 510 Ca/Mg 0.87 0.01
Als* 96 300 ClF 1077 1154
Mn?+ 395 56 Cl/SO4 91 4189
Cl- 225380 401100 CyB 690 1508

DZAVIETFHHDY 1 5 1Bbhi.

% 2R, HHS (1968) 1< X b dbimEHRFES 4k n T 1964 SRR I hies,
Dallol @ Spring 5 1%, ThiFAEREZAERATHS. FAGKCIZE, THBEDDL DI
#y 6008/l WwETHLEBEOWEY A TED, 60°C TEILLTT 525, B3 s 100~
10°C THEETHET B E 5. GDIHEABITH - 12, KBCEEOMIC X v EERE
BliclimEhTwa, cofix4< Dallol © Spring 5 & [ UTHh B0 HEES AW kDO
B DR F BIRMAKD X $EEIH % & b, Halotrickite FeAl, (SO,),-22H,0, Pickeringite
MgAl, (580,),-22H,0, Alunogen Al, (SO,);-16.5H,0 @ 3 FED LMy DFEFENFER I T
5. Filebb, ZOEBKE AL Fe, Mg /e &k SO, 1+ v & TERD 3BOEL TR
DDICHEDOKEFERKE LTE D ANDTD, BEKEFVELLTT 50T, Ekpo
REAR IR X T,

Dallol o Spring 1 134548 3262/l R AEEED ARG, pH i3 0.2 OBEEET
H%5. Na/K it 31.7 ogAo 37.8 1 Dix/h&ws, Li, Rb, Cs I Efa7 4 V) gL E
BORBLER ST 5. NHF O3 T bOMEES bORIGIC X 5 Do b A
V. Ca>Mg € Sr 4 %\, Fe VIBRERME D 7= b0 i T4 <, Mn 3 A %\~ 01 Dallol
DRBUR DR TH 5. NO«™ 12478 57228 PO 34 BEHESA T35, CHICKL,
Spring 5 3ZE 5 A D B, pH 12 2.0 TH o 70 S24glkg DEEEXH L T\ 5,
K>Na © Na/K Hit 0.93 2 /hch b, Cs>Rb ok 51 Cs DELPFEINRTHS, F
7o, NHE 25D T, A NO,™ 4\ ¥, 5 » BLAWORIEIH o, Mg>Ca C,
Spring 1 o Ca/Mg k.7t 0.87 1o 1 L, Spring 5 o%hixsEc 0.01 & {EL. R Na/Mg
fed Spring 1 X b 1300 54/ X\, MgCl, WCH5HH, Br RE&EBCEEIRTHBED
BHBRA S B, SO, DEEL /s, PO 4 Spring 1 & R &8 3 hTohisl, Si0,
DERLBD T Tehs 5 Pr.
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Fig. 3. Main Constituents in Dallol Waters (diluted with 200 times).

3% Dallol ©» Spring 1 L5 OEROERT. BENSLDOT, 200 FI25 THk0E
B|CH A, Wb Spring 1 1k NaCl #, Spring 5 (% MgCl, Bl E¥RE LT3,
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5. HAOR@ERE Dallol BRADHE

Fizo Dallol DR BB AHIT 5 odIc, EHSIZJIFEOUEAK 10 23R 0
HOBGHRIER T\, & steD 12 X BRI HAT o 1. "3"73::?’)% WKEEML TV &R
BB WL D, FANEREHT S, Ziud CaCO; T, Zhi bl LECHRIMRINEE
X v T & CaSO, AR LI Ud, Bffistt (RELES) T L) gypsum i© IS
%% anhydrite &7z %5 “?‘5 Stewart (1963) 1= X ¥, gypsum biiﬁ;ﬁ}fj D 3.35 %
Cisotc b ENHELIT D, 10 Bl hics &, halite (NaCl) 2358t LG5 &\ 5.
anhydrite & gypsum % polyhalite (K,Ca,Mg(SO,), 2H,0) DZEFERIC A% E T—H
RS S. K Mg HIRERD 1.54% TR UL TR, BREHEI2S
¥ blodite (Na,Mg (SO,).-4H,0), 43T epsomite (MgSO,-7H,0) iz Kainite (KMg
SO,C1-3H,0) L7 b, Zhbn 2 DDA LK Lik®, hexahydrite-Kainite, Kieserite-
Kainite, Kieserite-Carnallite, i#iz 3 2D Kieserite-carnallite-bishofite 237%F823& %
¥ CHAEET 5. S ofE, halite 480 Ca #ix$ - & deposit LT3,

AR OERIC I\ T, 30K step 11, HHEFETE VTHH Lfcﬁ:fﬁ%“‘xiﬁi@ u:
BECTHD, DOIRNTEMHL, HERSIWY LT3, FEOIBROBELFEA
7 step KT HEROLFMRE KDl DD, 1~T O step UDF*?B%,@&MKT, m_
BB B END T ETHE.

BB RS &, Na 3BgEiE L, step 3 k&<, + 0%k NaCl offf e LTE
BILU®, BEFO Na @BERRD LT, KIKETEHEIR T &, step 6 fi7 % THF

Table 3. Chemical Analysis of the Solution in the Process of Continued
Evaporation of Sea Water (in ppm).

Step 1 2 3 4 5 6 7
Na+ 9560 32300 92000 74500 66500 14700 2700
K+ 430 1325 5000 8300 10600 15000 3820
NH4* 0.2 — 15.2 19.2 27.6 28.0 136
Caz+ 370 1055 450 280 270 144 100
Mg+ 1100 3900 13200 23600 34000 64000 110000
Sr2+ - 5.8 = 0.6 0.6 0.6 0.3 0.3
Cl- 18530 57680 179540 179920 178010 196730 294140
Br- 47 260 890 2800 10000 30000 0
I- 0 o — — 0 — 22 —_
Nog~ 0.11 —_ 2.66 4.96 8.24 13.7 37.2
SO2- 2350 6800 11800 18650 27500 38000 24100
Na/K 37.8 41.3 31.3 15.3 10.7 1.66 1.19
Na/Mg . 4.6 4.4 3.7 1.7 1.0 0.12 0.01
Ca/Mg 0.21 0.17 0.021 0.007 0.005 0.0013 0.0005
Cl1/S0O, 8286 8135 9625 7528 . 6915 10752 1695
Cl1/SO, 10.7 11.5 | "20.6 13.0 8.8 7.0 16.5
CI/NQgx 10)3. 290 = o117 63 38 25 14
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B2 ok T S BIRIC T o CHE S 5. NH* B hoiadc, NO& & BRI fo
Y%, Ca BEOBME CEGEIED, FIRO 3 S-S hieb k1% CaCO, = CaSO, &
LCHA A E D, HLIRECHD LT, ThieRL, Mg 3RS h2—HTH5.
St $MPx>3 5. CLIE—FT1% NaCl 75 EOUFAE > Th, BHOBED HIAMO
— BRI ED, Fo LRECER URBEETIIZ2 ERT 5. Br OMMOEAITES LWL
BB T L TT > TBRCIZ > TT 5. I bEFETHSB. SO, 1k 6step T
winT B R BEIC AW T B

B0 ZbE ROMO KTEbT L fkh s SRR bhD. fokxid NaK ik 2
step I\ T LHEZ 2%, LIz NaCl o i & 3c SBICIRS LIk U, step 7 1C3stF
% Na/K i3 1.19 &7 7z, &0, Dallol @ spring 5 @ 0.93 ioftlds & » CT\%. Na/Mg
Hd Na iz NaCl & LTHf 320t L, Mg BERIIC L £ & 50T, Z0Hix 460 fE0
2% b %, Ca/Mg thd £ OZ(LiTfED TR TH %, Spring 5 © Na/Mg, Ca/Mg L step
T EwHB L THDE, Springb LE UEAEZ 2 L4405, CIF ,ttbii@j(@‘b%ﬁ{@@ifjg,.
FAMIZ A X 2%, step 7 T spring 5 O FHICIEFL . CUYSO, Hidiik ol am %
BUTHFRBEOZE IS, spring 5 @ SO, 23ED T T\ DIRBETLIER AR - IR 72
&% bhs, Spring 5 1@ NH,® 2 NO;~ 23S T4\ HEI: step 7 T SAWED T
MESh B HE—fc & 243, CINO, (x10°) foe 20 2L i S h T14 TR TS % (spring
51£3.9)—Z XX —HLTWwBHL B LS. %f spring 5 i© Br SRS TV
#, ZHUL step 6 T 30000ppm 25 Bro ASEMES TV (step 7 TILIR) I
il | |

X 4 3K AR LT < BB o Na-Ca-Mg o2 b iR3. Spring 5 i step 7 1T\,
%1, Dallol o spring 5 XK &M L TT - BEORBOBIEIIVC L2 ERLT
W5,

Na

7
Ca Mg
Fig. 4. Variation of Na-Ca-Mg in the Solution in the Process of Con-
tinued Evaporation of Sea Water.
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- BlEofER,M B Dallol #pkdTH 5L, WANHALCZD LN ERRBME LB EY, RO
CaCO; = CaSO0, 23l LT, Dallol HiRAEHE DIRESLHE N TE EolcbFEX bh, DWT
BiEEl LERC e D, BRERS IOCKRECEZC IV EAOPWPERE L LTERLE
FE2HZENTE D, T7cb D, halite (NaCl), polyhalite (K,Ca,Mg(SO,),-2H,0), sylvite
(KCl), kiserite (MgS0,-2H,0), kainite (MgSO,-KCl1-3H,0), rinneite (FeCl,-3KCl-
NaCl), bischofite (MgCly-6H;0) %% Dallol Icf@% 7 LTk b, BHEOBKNEE S BE
spring 5 Th 5.

6. Dallol BERKOHBETE

FENFFCETIHAERIZ 7 5 v A0 Bureau de Recherches Geologiques et Minieres
(BRGM) Laboratory ORDIZIE T T, #HonDOREFW =54+ 7 D ERKOMERS %
SHLTEbofal &ad 5. 2o, Dallol ® Spring 1 » 5 OEEFBEYFELTHT,
—HEEDPRIBCEFEDIRE - B OO MER 2R S R, FKENRR S O THEDEEME
EFLLFEC—E L2, AL —KL T35, F7bb, Spring 1 (345 Cu,
Zn, Hg 238\ ~Z & TFe, Mn % ¥7c4%\. ZHICH L Spring 5 1% Zn #3234 &%h
T\ B REFTfiutd iz,

Table 4. Heavy Elements in Waters at Dallol (in ppm) by BRGM.

Fe Mn Ni Mo Cr Pb Cu Zn Ag Au Hg As

Spring 1 | 6170 | 420 | <0.5| <0.5| <0.1| 1 2.3| 39.5| <0.1| <0.1 12 | <0.1
5 806 | 150 | <0.5| <0.5| <0.1| 1.3 | <0.5| 11.5| <0.1| <0.1| <1 | <0.1

Table 5. Heavy Elements in Waters at Dallol (in ppm) by Koga and Noda.

Fe | Mn | Zn Cu Pb | cd Ni | As | Hg | Ag

Spring 1 | 6930 395 19.2 45 0.0 0.70 0.0 0.07 3.9 0.0
5 510 56 13.1 0 0.0 0.0 0.0 0.06 0.13 0.0

Dallol @ Spring 1 % 5 33tic@@MEch s h &L, —EicdhftD brine water © H,S
ROV DIk Fe, Mn, Cu, Pb 234\ Z LG IhT\ % (Ellis, 1968). Pk
andersite % shale &7k, 2M-NaCl, 4M-NaCl %% LA ER RILREY 22 TNE
TROMPEBRZAS %, Fe 2 Mn MEESCAREOREC bl LTt shs o L, Cu %
PoixEEL v s Léﬁﬁ@‘%}%ﬂtﬁ% LTHHINZ 2 E2B_Tw5, Cl L1 4+ vafE
DTV HLTHA S, .

Dallol 3T\ FL¥ED 2000m D 5 19654, pH 5.3, 56°C ¢ 310 g/l CETLEESE
@ brine water AR S h i1 X, Atlantis II Deep & 451t Bz LDTHB
(Miller, et al, 1966). = @ brine water WAk Fe 70 ppm, Mn 86 ppm, Zn 3 ppm,
Culppm % &%, ﬂ(kﬁ@d@%m#ﬁﬁbfb% DED, BRI KRIC T
DOHBHDTHS.
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ZDZ &k, Dallol @ brine water F1DE @%ﬁﬁ_’ﬁﬁ&{%bfﬂ@f R\ ERR
.

L7 B gy Ty

=54 ¢ 7o Dallol #X 0 evaporite (IR CHHIFT LWL DDO—2>TH b, HEFED
LD EERTVBEY, KIUEDOEARHITES KIERORD, salt-bed O LFR LEOHD
BT 2EE L T b, CHBDOBEFEKEITNTEERE D brine water TH D,
FIFRABIC R s TV B DL B 5.

EELIL, ZhBbORRKOHN & FFCEKOEFEEBREIC KT 2R 0RO ZE LD
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