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T-Fe (mg/L) 0.10
H,S (mg/L) <0.5
B (mg/L) 3.6
As (mg/L) <0.01
T-Hg (mg/L) <0.0005
8D (%o SMOW) -11
5'%0 (%0 SMOW) -1.6
T quartz ™' (0 111

T chalcedony 2 (C) 96

T NakK ™ (C) 177

T Na-K-Ca™ (0 167
TK-Mg” (0 116

Asal

Lac Asal

Lake
2014/5121
N 11°37°13.69"
E 42'23'46.00"

-149

40.9

40.7

6.9
16500
15
197000
2200
58
62

Djibouti
Awrofoul Awrofoul
No.2 No.6
Wellwater ~ Well water
2014/5/22 2014/6/16
N11°3229.15" N 11°322591"
E 43°0230.23" E43°0147.82"
123 135
36.0 352
56.2 73.6
- 7.6
7.9 7.6
156 121

88 114
253 221
100 70
118 99
158 129

0.95 0.39

<0.01 0.04
158 199
9.0 8.0

54 28

31 5.0
<0.01 0.04
0.04 0.06
<0.5 <0.5
<0.01 <0.01
0.01 0.01
<0.0005 <0.0005

-6 -5
-14 -1.6
118 133
103 119
191 169
143 136

52 69

Dagguirou

Spring
2014/5/31
N 11°3631.00"
E 41°5837.42"

131

35.6

404
16

8.0
391
76
953
291
121
163
12
0.02
775
32
19
28
0.04
0.30
<0.5
0.37
0.01
<0.0005
-14
-1.6

109
94
170
162
113

Minkileh

Spring

2014/5/31
N 11°39'15.23"

E41°5701.84"

119
30.0
577

7.9
396
88
924
453
56
74
0.45
0.05
751
14
65
25
0.08
0.97
<0.5
0.58
0.24
<0.0005
-12
-1.5

118
103
126
116
91

Agna

Spring

2014/6/1
N 11°3403.47"

E41°5446.76"

144
34.8
42.7

29

83
283
73
636
207
142
192
29
<0.01
556
24
8.6
23
0.03
0.28
<0.5
<0.01
0.02
<0.0005
-23
-3.1

107
92
173
165
107

Garabbayis ~ Lac Abhe
Dug Well SP-1
Well water Spring
2014/6/1 2014/5/27
N 11°23'52.51" N 11°08'50.82"
E 42°09°08.24" E 41°52'52.68"
218 254
372 334
33.7 99.2
- 1.7
85 83
145 582
40 108
41 1680
377 348
182 8.7
245 12
59 0.18
<0.01 043
295 956
4.0 32
16 220
15 0.22
0.08 <0.01
0.20 0.03
<0.5 <0.5
0.13 0.81
0.01 0.02
- <0.0005
6 24
0.8 29
78 130
61 115
111 158
101 136
67 154

Lac Abhe
Lac Abhe
SP-2
Spring
2014/5/27
N 11°08'41.28"
E 41°52'53.98"
261
32.1
96.2
34

83
581
124
1690
345
7.5
10
0.15
0.41
948
28
221
0.19
<0.01
0.72
<0.5
0.94
0.06
<0.0005
-24
-3.0

138
124
151
130
152

Lac Abhe

Lake
2014/5/27
N 11°10713.10"
E41°53'01.40"

247

385

352

9.7
8860
98
28800
14300
40
40
15
<0.01
38300
500
37
12
<0.01
0.01
<0.5
50
0.59
46

unmeasurable

N. Goubet

Anaale

Spring
2014/5/23
N 11°35'58.42"
E 42°3529.04"

168
355
98.0

few

7.7
39
52
32
55
47
61
0.23
<0.01
22
25
38
6.6
<0.01
<0.01
<0.5
<0.01
<0.01
0.011

12

90
74
242
147
41

Obock
Obock-1 Obock-2
Spring Spring
2014/5/18 2014/5/19
N 11°5733.37" N 11°5731.03"
E43°17'18.14" E43°17'09.20"
0 0
30.6 28.1
67.0 70.7
0.1 0.2
6.9 6.8
4150 4820
70 74
16800 20300
1440 1790
42 3.0
4.5 3.0
<0.01 <0.01
1.1 1.2
8660 10600
540 640
890 973
664 910
<0.01 <0.01
0.08 0.09
<0.5 1.5
4.7 54
<0.01 0.01

<0.0005 <0.0005
4 7
0.4 0.8
105 108
90 93
197 195
192 193
115 116

Rouweli Sakalol
Rouweli Rouweli Dug Asbou-Dara
Well
Spring Well water Spring
2014/5/18 2014/5/18 2014/6/8
N 11°4831.36" N 11°4839.78" N 12°0200.24"
E 43°0009.90" E 42'59'53.92" E42°1546.73"
0 3 19
30.8 323 39.0
40.7 350 61.8
few - 80
74 7.7 7.1
896 486 750
58 78 108
2720 1320 2320
448 246 197
58 - 10
74 - 12
0.14 - 0.01
0.05 <0.01 0.08
1600 820 1390
56 31 52
90 76 136
150 64 59
<0.01 <0.01 <0.01
0.30 <0.01 0.09
<0.5 <0.5 <0.5
0.23 <0.01 0.28
0.01 0.01 <0.01
<0.0005 - <0.0005
-4 -5 221
-14 -1.5 -3.1
95 111 130
79 96 115
160 165 164
152 147 150
75 71 116

*1 Amorsson (2000), conductive cooling

*2 Founier (1977)
*3 Giggenbach (1988)

*4 Fournier and Truesdell (1973)

*5 Giggenbach (1988)



MR A Doy M s 3
A SR 5, Arta Asal Gaggade Hanle N. Goubet
SRR S Arta Fiale Taassa Garabbayis Anaale
FURHEECH 2014/5/20 2014/5/21 2014/6/6 2014/5/30 2014/5/23
i3 N 11°33'4450” N 11°3455.78” N 11°2517.98” N 11°242333” N 11°35'58.42"
FEIE E42°50'48.70”  E42°29°56.87”  E42°24'1242”  E42°10'5048”  E42°3529.04”
L (m) 156 120 285 319 168
i o) 356 345 334 323 355
I S e (°C) 98.7 87.5 95.3 99.8 98.0
AR D5H X - weak weak strong strong strong
H,0and NCG =~ H.0  (vol%) 0 0 0 99.98 99.88
(total 100%)  NCG  (vol%) 100 100 100 0.02 0.12
NCG H,S (vol%) 0 0 0 0.0 0.0
composition CO, (vol%) 0 0 0 450 94.1
(total 100%)  Rogas  (vol%) 100 100 100 550 59
H, (vol%) 0.002 0.008 0.003 0.054 0.57
N, (vol%) 78.3 783 79.3 935 917
R gas CH,  (vol%) <001 <001 0.13 10 32
composition
(total ~100%) 0, (vol%) 20.8 207 195 3.6 24
He (vol%) 0.0003 0.0015 0.0027 0.019 0.14
Ar (vol%) 0.92 0.93 1.1 18 20
H, (vol%) 0.041 0.066 0.64
R gas N, (vol%) 942 96.7 934
composition
H 1 1. 12 .
(total ~100%, ~ CHe  (vol®) 8 36
Air correct) He (vol%) 0.037 0.022 0.16
Ar (vol%) 39 20 22
He/*He (X 10 239+0.03 8.46 +0.07 7.13+0.06 150+0.1
“He/Ne - 0.280 0.883 116 291
dBC (CO,) (%0 PDB)
T COy/Ar ! 0 159 228
T Hy/Ar ™ O 36 72 138
T CH,/CO, ! (°C) 266 323

*1 Giggenbach (1991)



CERD & AFHA D o3 A SR i

Ca Mg Na K Li HCO, CO, Cl
FRIL (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
CERD | ##i[ | CErRD | ##M | CERD | ##%M | CErD | ##%M | cerp | @#M | cerp | @t | cerD | #EM
Korili 2848 § 3000 | 385 | 415 | 10175 | 9520 | 415 | 440 — iP5 | @5 i 36 0 | <001 | 21985 i 22200
Lac Asal 2645 | 2540 | 12177 § 12100 | 101155 § 98500 | 4770 § 5200 — i 39 136 62 0 0.037 | 198537 | 197000
Awrofoul No2 | 5809 i s4 | 2273 £ 31 | 15314 | 158 | 830 | 90 | 0029 | <001 | 1405 | 158 0 095 | 2451 | 253
Awrofoul No.6 282 | 28 3.94 50 | 19644 | 199 848 | 80 0049 i 004 | 14885 § 129 0 039 | 21962 § 221
Dagguirou 2695 | 19 5 28 | 7664 | 775 | 312§ 32 |oose2 i 002 | 9798 | 163 | 3191 | 12 | 917 | 953
Minkileh 7200 i 65 224 25 | 78765 © 751 136 § 14 | 00486 | 005 63.5 74 0 0.45 947 | 94
Agna 1021 § 86 2 23 | s40 | ss6 | 2487 § 24 | 0019 i <001 | 1958 | 192 0 29 | 61283 | 636
Garabbayis Dug Well | 19.09 | 16 149 15 | 29197 | 295 365 F 40 | 0028 | <001 | 26213 | 245 0 59 | 4202 | 405
Lac Abhe SP-1 22 | 220 | 094 | 022 | 1006 | 956 | 315 i 32 034 | 043 | 1567 12 022 | o018 | 1721 | 1680
Lac Abhe SP-2 25§ o 093 | 019 | 1074 | 948 27 020 i 041 | 1526 10 015 § 015 | 1737 | 169
Lac Abhe 34 | 37 14 12 | 36623 | 38300 | 497.05 | 500 | 0.0086 ; <0.01 |216223 | 40 | 80858 | 15 | 27548 | 28800
Obock-1 881 i 890 797 664 | 96404 | 8660 | 515 i 540 185 L1 | 14038 } 45 0 <001 | 16711 } 16800
Obock-2 10005 § 973 727 910 | 9565 | 10600 | 550 | 640 26 12 | 1318 | 30 0 <001 | 16698 i 20300
Rouweli 98 i 90 103 150 | 161515} 1600 | 5597 i 56 005 i 005 | 1933 74 0 0.4 | 259994} 2720
Rouweli DugWell | 737 | 76 | 4835 64 796 820 | 2693 i 31 01 <001 | 188 0 1225 | 1320
Asbou-Dara 16609 | 136 | 1207 § 59 |142622] 1390 | 5907 | 52 025§ 008 | 468 12 0 001 | 22965 } 2320
SO, Sio, Al T-Fe B As T-Hg
BFHRAUDL (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
CERD | 3% | CERD | 3% | CERD | ## M | CERD | ##%M | CERD | ##%M | CERD | ##M | CERD | ##EM
Korili 248 239 78 — i <001 — i 010 3.6 — 1 <001 |<0.0013 } <0.0005
Lac Asal 4399 | 2200 15 <0.01 — i 27 — i <001 |<00013}
Awrofoul No.2 9242 | 100 | 90.65 88 001 § <001 | 006 i 004 [<0.0003] <0.01 — 1 001 |<00013 | <0.0005
Awrofoul No.6 6712 1 70 105.0 § 114 | 002 | 004 | 007 i 006 |<0.0003] <001 |<0.0012F 001 |<0.0013 ;<0.0005
Dagguirou 29363 § 291 819 76 0.1 004 | 032 i 03 073 | 037 | 0009 i 001 |<0.0013 <0.0005
Minkileh 47100 § 453 | 9592 i 88 001 § 008 | 007 | 097 | 061 | 058 | 0009 | 024 [<0.0013 §<0.0005
Agna 20586 | 207 | 702 7 002 § 003 | 006 i 028 | 034 | <001 [<00012} 002 |<00013 <0000
Garabbayis Dug Well | 367.63 | 377 30 40 009 { 008 | 013 ;i 02 037 { 013 | 0009 i 001 |<0.0013} -
Lac Abhe SP-1 348 348 | 11506 | 108 | 00425 | <001 | 0.0064 i 003 24 0.81 — i 002 |<0.0013 } <0.0005
Lac Abhe SP-2 349 345 | 12001 | 124 | 0046 | <001 | 00071 | 072 | si1 i 094 — 1 006 |<0.0013 }<0.0005
Lac Abhe 131261 § 14300 | - 98 006 § <001 | 007 i 001 | 1886 | 50 002 | 059 |[<00013} —
Obock-1 1562 | 1440 | 10165 i 70 <0.01 — i 008 437 47 — } <001 |<0.0013 | <0.0005
Obock-2 1503 1 1790 | 91.98 74 — i <001 — i o000 | 425 54 — 1 001 |<0.0013 } <0.0005
Rouweli 423 448 | s216 | 58 001 | <001 | 006 | 030 | 039 | 023 [<00012} 001 [<0.0013 }<0.0005
RouweliDug Well | 2485 | 246 | 10538 | 78 003 | <001 | 008 ;| <001 |<0.0003] <0.01 — {001 |<00013} -
Asbou-Dara 19401 § 197 | 9074 § 108 | 002 | <001 | 007 i 009 | 028 | 028 |<0.0012} <0.01 |<0.0013 | <0.0005




['7'F.04.140519-1 B.raw]

T

12.0-

6.01

(SdO)=Eg8

4.0

x10"3

60

50

40

30

20

2 0 (deg)

STFERSH (SN 04, 140519-1) XEEEIFHHTHER

['7'%.09_140519-6_B.raw]

(1) 05-0586> Calcite, syn — CaCO3

T

T

T

T

12.0

6.01

(SdO)=Eg8

4.01

2.09

x10"3

60

50

40

30

20

10

20 (deg)

(41 (SN 09, 140519-6) X#REIITHHTHER

CIFER




26 (deg)

V(SN 11, 140520-2) X#REIFTHHTHER

CIFER
o

- (Mg5AI)(Si,AD4010(0H)8

B
! B o 2
i =2 =l S
” E % =
| w A =
AN I RE| :._m mmu
R @0 S
& . B # e R EE
z3 1812 S T O
=9 1059 T O | D
T = ® e & M
Q&L s - S N e ~
N OsSnm = o 7 4o
N4 ~ L2 @ = c © m oA
SO0 LT o D> Z
(01 %< oy wegl! TETIE
| =z 23 <
3 B e - S S N o S . S T 2EEIngS ¥
TEEELE L g0 S SRS L 2T oD
wmmu.mzec [ | woml § © k& 7
£ £ X ] ! wcio] B o Q¥
] I 5 O+ | @ oo S £ = o2
wsml o 8L ctvid LLLlOO0 < <R
20 2ESs £ I S oo L
Ty SRS S ! SN A A A A K
Lo < ) I DEREEBANY
NN A AAAAAN I wmw589559
888lvcoYwwom E ! -0 | <~ N
SR orRvLwow = | TN 8IGm
R R L Tl b e bR
e - T ®
o PR LY , Rrr 885 R¥EK
! e e
NAEEE R | R AT
APATA] PN | aaazcdeze
AAN NS o © x | 5
[[[[[ sceIeeld !
+ + + S
8 Irsd
8 8 b= 3
o =3 o
< el ™

(SdO)Fgs

26 (deg)

V(SN 12, 140520-3) X#REIIFTHHTHEE

CIFER



0.174>
=0.136>

E.raw] <2 6 (0)

14_140520-5 |
[°7°F.14_140520-5_U.raw] <2 6 (0):
['7'%.14.140520-5_B.raw]

[V'7%.

Fe203

(1) 85-1054> Quartz - Si02

0597> Hematite, syn —
—-0606> Nacrite—2M2 — Al2Si205(0H)4

(2) 37-1496> Anhydrite, syn — CaSO4

(3) 89
(4) 05-0628> Halite, syn — NaCl

2 0 (deg)

STFERSH (SN 14, 140520-5) XEEEIFHHTHER

EH B RLE

['7°%.15_140520-6_E.raw]
['7'F_15_140520-6_U.raw]
[¥'7'F.15_140520-6_B.raw]

1004 16

(SdO)H/gs

20 (deg)

STFERSH (SN 15, 140520-6) XEEEIFTHHTHER

EAHRIEGRIER
EH R RNE

X
T
o
3
>l
S0
0 & &
clm
2n_An
O >
7w =L
Y
2 b
#3828
T E G %
S 0 ®
gr=zX
A AN AN L
<~ ©
838y
100#
523
R
Zd8s




[¥'7'%.17.140520-8_B.raw]

! ] L
, ! S o
L b | ,
| | Il S
| ! - S
, o L ,
L P | ,
S , , ,
” ” | ”
” ” | ”
” ” | " m_
" ” | ”
” ” | = &
, , | L
| ” ” L
| L L -
, R | ,
: | " m
| | | | >
” | | | ~
” ” | | = P
, | | , L o
| ]
, , ” | s B
” | | | mw o
” ” | " 4
| | ] S === g
| ! ! e :
, , | B :
, o o ,
I | ” =
| | | | wn
| | | | 2
” ” | ” :
" , | | b
- < T T
” | | | In
” | | | k[
” " | | -2 th
| | ] S N S — »
| ” i | T o/
| ” I :
, L | ,
b ” | ” )
, , , | £3
, , | , )
I
”2 | ” ” y
X , | , |
> D
23 ! ” | }
| » i ! , <.J_J
1= © ! | ” i
1S © | | | Z.Dm
| I | ! , = EU, ,
EE ! ” —— 3,4:,0
S | 1 R <_I<|ql
,C Sv | L L HM&
S T i
, L , , | i
o
12 S ! ” | i
i ” , | R
~ NN
10 < ” | ” H
PANEAY ! | | :
1SS | | |
|l < ! ” |
1?7 ! , |
1T , | ,
= , |
=S | | |
g g s = 3
: i (SdO)Hg8

(1) Sericite

i 71)(CO3)
(2) 86-2336> Calcite, magnesian — (Mg.129Ca.8

(3) 75

I
.
A
e
e

NaCl
S )L

0306> Halite —

TE 5 BLRAE

i > %
004 (4) 78-2315> Quartz - Sio2 (T HE
5000+

(SdO)Hg8

10

20 (deg)

STF SRS (SN 20, 140521-3) XEREIFHOATFER
v i




['7'F.22_140521-5 B.raw]

2 0 (deg)

#1(SN 22, 140521-5) X#REIFHSHTHER

CIFER

BATHY, MEEZEDETHERLT S,

©
o
N
<
&
£
=) |
Q s i
N =
o [%2] o ! =
I N w m
& < S &
B Omwnamu\,mw =
g A 2O0ox1 g IN
AR m !l N< ! o
@ _ =2 Zo Q0= L =)
[SX®) = Soltk
] AL S5l 9
1z 88 |wnZ 3w ¢
c oo |91 558! Z
> Py ©S as=s
o c SRV nc LU= <
- Y 28 ST 2
FE @ L EEE NS ES W S 2
34 SEfle ¥ w2 2@
o= UWo@ml &= 6 Em! W
V.a..u ~Zs>s2ceo35 & W
I
OIR w%wQAAHA,ME
20N SRBSoLebro B
5 2 m LY wowoSd T~ B
™~ SEilocevom T o Z
S o o000 o &
& out SIS L LT D=L 5
@™ AN R R R R R ORI
NN INDARN] PSPy
]2(3\ ://.»/],2345,7
< 2RBTETEIEST
o
=1
S
N

(SdO) &%z (SdO)E &:

20 (deg)

%1 (SN 26, 140523-1) X#REIFHSITHER

CIFER



0.028>
0.03>

E.raw] <2 6 (0)
U.raw] <2 6 (0

['7'F.27_140523-2 B.raw]

27.140523-2

_27_140523-2,

77
7%

60

T .
| | .
[ | i .
I R | ;
i e E L EEL L | | i
| | | SR | |
| | | i I |
| | | | [ [
| | | | | i =_|
| | | | | |
| | | | | |
| | | | | |
| | | | | | L i
| | | | | |
| | | | | |
| | | | | |
| | | | | | L !
| | | | | |
| | | | | | <
| | | | | |
| | | | | | 1
| | | | | |
| | | | | |
. | | | | | !
! S | | | |
| ; | | | 8 |
| B | | |
| 1 ) |
| | | . 4
| | | 1
| | | |
| | |
| | | I L
| | |
| | | ;
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | |
| ” i K ”
I |
i | | | s !
| i | | = !
” ” i , %= |
| |
| | | ; R |
| | | |
" ” ” ” S i
! | ” | [ ;
| | i .
” ” ” , % !
! i | < ,
| | |
| | |
| | | ~ |
|
” " G ”
T i i - D |
| i | S o !
| 1 o W |
| ! : ~ O !
| | T < !
I I I - i
| | | R Lo
! l ~ R ———
| | o~ !
| | ;
|
| | | = !
| | | n |
| | | Z |
! | | 53 i
| | &
| | |
booo o ! | i |
“““““ | 29
\\\\\\\\\\\ ©
| ! R H— ” o es
| | T j Qe
I | | I T et St mE gd m
| | | | | t 29 g o
I i i i Ez, % NG @« N
3 | | | B @ n ISZ.... %o z
2% ! ! ! = W Y =< o8Nz
L) | | | Q =< 8IQ
s | , , B ® 55 229
= = S <=
o L9 | | | e 4 s Z9¢%
c © —
o 5 | | | IN @ o /&O%
[T | i | = I s Mulnn.ua% LWN
2 | | A —n<
L2 s i i , $s (879 223
T | | ] 3
85 e R | $% |87 e
s o | | e ge 5 Soz
oTo | | | T o /M&ww o
A A NN 7
$88 | i " i OV 199¢ s 828
883 ! ! ! ! sl 28 T ES
288 | | | | S8 8T R -5 539
! el =1 © 2
b &b | | | , wsdHse BES
@ ™ O | | | | mn,v.,uMMWe .Uw.m
“9N® | | | 238 » dF
zd 1 | | | %%MD@AO AN A
) : ! i ) SESg58 8 g
S S L ; ] oL L8882
& 2 8 .y ; 888|TTTETTL T
Bl S =1 o W R 89 I 4 d
< 3 S e 2 IR
S AR Ea =
- AN = s8R
~ o D -~ ~
; e
o
o
'zl
N

(SdO)Hg8
(SdO)Hg8

26 (deg)
#1 (SN 33, 140530-1) X#REFHOITHER

CIFER



['7'%.35_140530-3_E.raw]
['7'F_35_140530-3_U.raw]
[¥'7'F.35_140530-3_B.raw]

” ” ” ” ” ” ” ” ”
b [ i ! b I L SR B
| | | | | | | | |
I [ . | L I L [ B R —
| | | | | | | | |

| | | | E_M | | | | |

| | | | e | | | | |

| | | | = | | | | |

| | | | = | | | | |
R P : ” R i R R IR e et
| | | | B | | | | |

| | | | han | | | | |

| | | | [a] | | | | |

| | | | & | | | | |

| | | | < | | | | |

| | | | | | | | |

| | | | = | | | | |

| | | | ® 9 | | | | |

| | | | 0 o | | | | |

| | | | R | | | | |

| | | | T | | | | |
o [ . ” ~ Q b [ L [ R N B
i i i i i i _kdv i i i i i

| | | | | | 3 | | ; ” ” —

= = —

| | | | | | | | ] - | | | | |

| | | | | | | | — = | | | | |

oo | | | | | 5”%, ol | | | | |

I T I I I I I ! b | fiiT-3 ! ! I I I

T ” ” ” ” ” ” W o ” ” ” ” ”

I 3 I I I I I I I s I I I I ™

= | | ” I ” L EM | | | | ”
Lo X 0 Lo R . S [ LN o .._1 Li______O _. I (I Lo T
| = i i i o 2 ) i i i | | i

I~ | | .- ™ | | | | | |

(2] v

Do | WL LR L N | | | | | |

] A ] ] 2 U ] ] ] ] ] ] ]

- ! B ! ! ! ! ! ! !
Y | i N I s , | | | |

I | | S ] 1 Q958 | | | |

| b= = N o (@]

L | | by | L 98323 | | | |

| =i | ® | | _.".ow b | | | |

& =T | | L LB s | | | |

o T m, ” | I 955 c¢ | | | ”

n o g | | n s B3 | | | |

) S IN i i ° =g =z o i i i i
T it ECEEEEE R EEE R R ihts” AECEEEEET EEEEEETL SEREERE, & = SiNE S g et SR R Rt T
£ S o | | | T | | Sl T o £~ | | |

] 2 X! | | | | T h ol g £ X © | | |

s £ I I I I I i | < S o2 © I I I

& ooX | | | | , | r JloT <=0 | | |

AT £ | | | ) | ] R N | | |

<+ 2 © I I I I | 1 I Bl ¥ ™ © I I I

== N i i i i i i L 2o o © i i i

S T QL h I I | I I I = o< re] I I I

- L0 i i i ~ i i i |~ o0 © oo i i I

TET LS , , , , , | b &b b , | ,

BAIRP! | | | | | | i 88828 | | |

LN ! | | nNE22 T2 ! | |

—doxb i | | | I i alceere i i .

T T T T T T T T T T T T T

2 3 3 3 3 3 3 3 o 3 3 3 3 3

o 0 o 0 o 0 o n o 0 o 0 o

< o™ ™ o~ N -~ — < ™ @ o~ N

(SdO)H 82 (SdO)Hg8

20 (deg)

%} (SN 36, 140530-4) X#REIFHSHTHER

CIFER



2 0 (deg)

20 (deg)

~
58
)

S
S o
S
:\:/
se
DD D
~
AV
TE
s g
E,U.,
Iy
> ©
88
23
[=X=}
<+ <
4,4,
4,4,
by
‘_/ﬁ—/

(1) 46-1045> Quartz, syn — SiO2

[¥/'7'F.44.140606-4 B.raw]
(2) 33—

0664> Hematite, syn —

Al2Si205(0H)4

1Md -

e—

(3) 29-1488> Nacrit

EHBREGRE

2000+

#1 (SN 44, 140606-4) X#REFOITIER

CIFER

(1) 85-1054> Quartz - Si0O2
(2) 33-0664> Hematite, syn — Fe203

['7'F_45_140606-5_E raw]
['7'F_45_140606-5_U.raw]
[¥/'7'F.45_140606-5_B.raw]

Ca(Mg,Fe)Si206

1606> Albite high — Na(AISi308)

(3) 24-0203> Augite —

(4) 83

) Smectite

(6) 75-0449> Magnetite — Fe304

(
(

U

EHMEGALIE

2500 (5) 05-0586> Calcite, syn = CaCO3 ---------

i

I

i

I

I

I

I

I

|

I

I

I

I

I

I

T
=]
=]
o

(SdO)Hg8

%1 (SN 45, 140606-5) X#REIFHSHTHER

CIFER




w5 —8
W T 7 7 7o I



Geothermal Prospect Profile Sheet as of Octber 2014
No. 1 [Arta |Region  Arta [ Sampling location N 11°3344.50", E42°5048.70°
Topography Development Priority 2
Geothermal Potential A-3
ODDEG Priority 4
Access map
I

- Deeply dissected with ragged hills on both side along the
access road
- The fumarole point and alteration zone are located on a

edge of wadi where widely eroded;
- The mountains around are deeply dissected showing older

tananranhic charactarictine

Dj ibou__ti_:-g-

LN 3
Awrofoul

Accessibility

- Located on the southern coast of Tadjoura Bay; about
2.5 km from the coast to the fumarole point

Geology

- ca. 2.5 km from the coastal line to the fumarole point

Geological map

e B

R

- ca. 40 min. from Djibouti city to the junction, ca. 45
min. on unpaved road to the fumarole point through
military training field

Satellite Imagery Analysis Result

- Dalha basalt together with NS oriented Ribta rhyolite that
runs through the fumarole point

- Rock outcrops are generally weathered

- NS oriented fractures

- NS oriented distribution of three fumaroles described on the
geological map

- The fumaroles seemingly along the rhyolite outcrops

-z

S v
{f= i p
C‘// ki.
x (7 Arta P
'I\- /
/i &
: 7R
49
£ ( ; x::\ 'G A

Acidic alteration spot and broad weak alterated halo.
Associated with rhyolite.

Evaluations of Geothermal Resources Transmission Condition
Temp. of formation 200-150 degree C. | [Required T/L 6 km
Fumarolic Gas Origin - degree C. | [Connection N.1 substation (city)
Geochemical Temperature - degree C. |Socio-Environmental Aspect
Natutral Condition Barren
Salinity >30,000 4 S/cm
Inhabitant a few
oo wiisx | Chemical composition of firnarolic gases
Temperatere (C) 8.7
s v ey
] S (volt)
composition  COy  (vlts) o
el 0% gy e 100
H: (valte) @002
R :—:. :::: <-:<::
J::nl‘;:‘) L 0%
He (vel®) 0.0003




Geothermal Prospect Profile Sheet as of Octber 2014

No. 3 [Awrofoul No.2 |Region  Dijibouti | Sampling location N 11°33'44.50", E42°50'48.70'
Development Priority 5
Survey team Priority C
ODDEG Priority -
Access map

Diibouti. )

- Hot water temperature= 73°C ___
- No other geothermal manifestation Accessibility
- Water level G.L- 130m - A few km from N.1 road
Geology
Geological map
A
Satellite Imagery Analysis Result
: i A
_/". = E e
e hesE
= Awrofoul | .
) No.6 No.2
N g
- Tadjoura basalt 3.4-1.2 Ma |
- no remarkable structures observed J
no
Evaluations of Geothermal Resources Transmission Condition
Temp. of formation - degree C. | [Required T/L km
Fumarolic Gas Origin - degree C. | |Connection substation (city)
Geochemical Temperature 52-191  degree C. |Socio-Environmental Aspect
Natutral Condition -
Salinity +1,000 uS/cm
Inhabitant -
o | o | IS e b | b e tooen | Dae | ] T | et | et | ey | omem
R IR s % 156 s 253 100 s "‘::::"" 11,806 w4 % 121 14 2 0 w
O, [N Li Na K Ca Mg - [N o, L Na K Ca Mg
(mgl) | gty | imgly | gl | tmply | tmgly | imgl) img/Ly img/Ly img/Ly imgLy (mg'L} imgL} imgL}
158 1 <00l 158 » k) u 1729 o o 149 4 k] 5
Al T-¥e HS B As T-Hg Al TFe s [ As T-Hg
gL} {mg/Ly Amg/Ly imgL)y imgL) imglL) Amg/Ly Amg/Ly AmgLy imgLy gL} imgl}
0l ] “ns ol [ ol (NS " o <0 <00l o <08
Vauanz ™1 chalesdony |1 NaR T T NaKLa TR T quarts ™ 1 chalcedony T _K" T Na- K_u" TK .\_l;"
*1 Armdsson {2000, conductive cooling - 1 Arnirsson {2000). conductive coolimg -
":::‘:"J": Truesdell (1973) ».I Trwesdell (1973)
*3 Giggenbach ( 193%) *5 Ciiggenhach ( 1988)




Geothermal Prospect Profile Sheet as of Octber 2014

No. 5 [Taassa |Region  Gaggade [ Sampling location N 11°25'17.98", E42°24'12.42"
Topograph Development Priority 3
Survey team Priority A-1
ODDEG Priority 2
Access map

L4
Y
—z

Djibouti
o s

sl

-SW decliiq tilted slope
- NW or WNW oriented dissected valley;

- NW oriented narrow ridge, underlain by rhyolitic veins. Accessibility : i
- Located on mountainous area on a SE rim of Gaggade

plain 20-25km south of Lac Asal
- ca. 2 hours from Djibouti to Lake Goubet, ca. 20 min. to
the junction of unpaved road, ca. 1.5 hours on jaggy road,

Geology

Geological
[T

oA
/3 BX\ ca. 1.0 hours on desert, ca. 1.5 hours on food on ragged
\\ path
Satellite Imagery Analysis Result
N
| N

= Sl NS, A

- Afar stratoid basalt (2.0 - 2.7 Ma) covered by Afar stratoid = A
basalt (1.8 - 2.2 Ma); N

- Vein or dyke of rhyolite

- NW oriented fractured zones;

- Geothermal manifestation along this orientations aC|d|c.aIterat|_on spots and weak alterated halo.
Associated with fractures.

Evaluations of Geothermal Resources Transmission Condition
Temp. of formation 200-250 degree C. | |Required T/L 40 km
Fumarolic Gas Origin degree C. | |Connection P.K.51 substation (city)
Geochemical Temperature degree C. [Socio-Environmental Aspect
Natutral Condition Barren
Salinity 5,000 1 Slem
Inhabitant None
Location Taassa
Date 2014/6/6
Temperature (°C) 953 Chemical composition of fumarolic gases
H;0and NCG HO  (vol%) 0
(total 100%) NCG  (vol%) 100
Nee HS  (vol%) 0
compesition CO;  (vol%) 0
(eotal 100%)  pggs  (vols) 100
H  (vol’%s) 0.003
Ny (vel®®) 703
R e CH, (vol%) 013
(:;Pff,’w‘z O (vol%) 195
He  (vol%) 0.0027
Ar (vol®) 11




Geothermal Prospect Profile Sheet as of Octber 2014
No. 6 |Garabbayis |Region  Hanle | Sampling location N 11°24'23.33", E42°10'50.48'
Topography Development Priority 1

Survey team Priority A-1

ODDEG Priority 2

Access map

T

- On the boundary zone between the Hanle Plain and the
northern mountainous slope

- NW oriented boundary zone, parallel to the Hanle Plain,
- Fumaroles on steep slope facing south,

Accessibility

- Located on a north edge of southern part of the great
Hanle plain

Geology

Geological map

- ca. 2.5 hours from Djibouti city to Dikhil town, ca. a
hour to the junction on N.1 road, ca. 2.5 km to the

e .

LT

fumarole point by car, fairly good access conditions.

Satellite Imagery Analysis Result

basalt (2.0-2.7 Ma) covered by Afar stratoid
basalt (1.8 - 2.2 Ma)

- A large mass of rhyolite in the northern part of Garabbayis,
western Yoboki

- NW oriented lineaments, parallel to Hanle plain

acidic alteration spots and weak altered halo in recent
cinder cones.
Broad acidic alteration with rhyolite.

Evaluations of Geothermal Resources

Transmission Condition

Temp. of formation 150-200 degree C. | [Required T/L 45 km
Fumarolic Gas Origin 266 degree C. | |Connection Dikhil substation (city)
Geochemical Temperature degree C. [Socio-Environmental Aspect
Natutral Condition Barren
Salinity +5,000 u Slem
Inhabitant None
Location Garabbayis
o ) mg?m Chemical composition of fumarolic gases
H0adNCG HO  (vol%) 99.93
(tofal 100%)  NCG  (vol%) 002
NCG HS  (vel%) 0.0
composition CO;  (vol%) 450
(total 100%)  Rgac  (volty) 550
H (vel%) 0.054
N (vol%) 035
R!r’_’ﬁ CHy (vl 10
(f::ff:'w‘::) O (vol) 36
He  (vol%) 0.019
Ar (vol%) 18



Geothermal Prospect Profile Sheet as of Octber 2014

No. 8 [Anaale |[Region  N. Goubet| Sampling location N 11°35'58.42", E42°35'29.04'
Topograph Development Priority 2

" : Survey team Priority A-2
B ODDEG Priority 1
Access map

= L B T d
- Fumaroles located in a NS oriented, dissected valley with a
relatively wide wadi
- Ragged mountainous topo around Accessibility

- Located on the northern coast of Goubet lake, west end
of Tadjoura Bay

- ca. 30 min from the national road by car, ca 15 min. on
foot to a fumarole point, ca. 2.5 hours to a strong

fumarole point

Geology
Geological map

Satellite Imagery Analysis Result

p

: { % ©

- Dalha basalt on the floor part of valley, covered by Stratoid
basalt (Tadjoura basalt 3.4 - 1.2 Ma)

- Spotted Ribta rhyolite on valley floor

- NS oriented structures

acidic alteration spot-mound (sinter cone) and weak

alterated
halo.
Evaluations of Geothermal Resources Transmission Condition
Temp. of formation 100-150 degree C. | [Required T/L 50 km
Fumarolic Gas Origin #i# degree C. | |Connection P.K.51 substation (city)
Geochemical Temperature degree C. [Socio-Environmental Aspect
Natutral Condition Barren
Salinity +5,000 1 Slem
Inhabitant a few
;:Em 2;::1; Chemical composition of fumarolic gases
Temperature (°C) 980
H:0andNCG ~ H:0  (vel%) 2088
(total 100%) NCG  (vel%) 012
NCG HS  (vol%) 00
composition  CO»  (vol%) 941
(ol 100%)  Rgas (ot 59
H  (vel%) 057
N:  (vol%) 917
R gas CH,  (vol%) 32
(f:;pff;%::) O:  (vol%) 24
He  (vol%) 014
Ar (vel%) 20




Geothermal Prospect Profile Sheet

as of Octber 2014
No. 12[SP2 |[Region  Lac. Abhe| Sampling location N 11°08'41.28", E42°52'53.98'
Development Priority -
Geothermal Potential -
ODDEG Priority 5

Access map

N

Djibouti

- Boiling hot water (ca. 100 I/min), EC in a range of 6,000u

S/cm
- weak fumaroles on the top of two travertine Accessibility _
- Located on the western border of Ethiopia
- ca. 2.5 hour from Djibouti to Dikhil, ca. 2.5 hour on
Geology desert from Dikhil to Lac Abhe

Geological map

w

atellite Imagery Analysis Result

1

L]

- Lake deposit, desert deposit

- Stratoid basalt on north to east

- No remarkable structures observed on the plain

- No regularities in the travertine distribution observed

acidic-intermediate alteration spots in recent cinder cone.
Acidic alteration mound (sinter cone) .

Evaluations of Geothermal Resources Transmission Condition
Temp. of formation degree C. | [Required T/L 75 km
Fumarolic Gas Origin degree C. | |Connection Dikhil substation (city)
Geochemical Temperature 136-158 degree C. [Socio-Environmental Aspect
Natutral Condition Registered
Salinity +5,000 uS/cm
Inhabitant a few
Location Date Tomperatirs L Conduotivit Si0; a 50, T-C0, Locstion Daie Vemperature H Combucrmity i, E w0, =0,
i * 3 - M ooty | gty | A
mgly | dmgly | imgly | mgly | mply | mgly {mg L |:| ) : - | N :
|-|:(::; n:-...l.:‘:l._;..v-'-' Tk |.\;-_|:;_4;" n;-l.:_:.-“ . T chalced Tk |\.;-_-4 TR-Mg
*4 Fosnier and Truesdell (1973) 0 Truesdell (1973)




Geothermal Prospect Profile Sheet as of Octber 2014

No. 16|Obock-1 [Region Obock | Sampling location N 11°57'33.37", E43°17'18.14'
Topography Development Priority 4*

Geothermal Potential B

ODDEG Priority 3

Access map

- Coastal Plain
- The hot spring emerges at lowest tide in a day

- Temperature ca. 70 °C, ca. 10 I/min; Accessibility :
- No other manifestations observed. - Located on north coast of Tadjoura Bay;
- South of Obock town;
Geology - Easily accessible

Geological map
\_%; R

e

“l\ \\} q,z L

o

atellite Imagery Analysis Result

w

: -— — 1
- Calcareous coarse sandstone of Pleistocene
- No volcanic rock around
- No remarkable geo-structure observed
- EW oriented lineament on the geological map N
No
Evaluations of Geothermal Resources Transmission Condition
Temp. of formation degree C. | [Required T/L km
Fumarolic Gas Origin degree C. | |Connection Isolated substation (city)
Geochemical Temperature 115-197 degree C. [Socio-Environmental Aspect
Natutral Condition Coastal
Salinity >30,000 4 S/cm
Inhabitant Near Town
Lowion | Due [ R | el | el | b | e tosion [ pws | TR L LI et | e | b | e
Obocks1 41.MM 6T ) 4,150 ) 16,8000 1,440 4 Ohbonck= 41,778 n ? 4520 4 20,300 1,790
HOO, 0, Li Na K Ca Mg HOO, OO, L Na K Ca Mg
gL img/L) img Ly mgLy mgLy imgLy imgLy mgly | imgly | (mgly | qmgly | gLy | imgly | imgl)
m I_“- Hs - B ™ l‘_“; Al TeFe Hs B As TaHg
gl | Gmply | imply | omply | oDy | oy | (g 1) L gl | mgly | | wl)
00l [] D5 5 <001 00008 ol a 1 5 L] 00005
T guartz” T chalosdony HE Na-K” T NarKeta™ TK-Mg Touarte ™ | Tchaboodony ™ | TNa-R™ T Na-B-Ca™ TE-Mg ™
105 M 164 m 115 .|| : | I: ' | ‘-‘\I [ ‘I‘ : | II‘I:-‘
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