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MINERALOGICAL COMPOSITION OF WHITE EVAPORITES AND 

YELLOW SALTS FOUND AROUND SYOWA STATION, ANTARCTICA 

K1yosh1 KANESHIMA*, Tetsuya TORII** and Katsuak1 MIYAHIRA* 

Abstract 

Dunng the summer mission of the 8th 
Japanese Antarctic Research Exped1t10n( l966-
1967), white evapontes and yellow salts were 
collected around Syowa Station, and their 
chemical and mmeralog1cal charactenst1cs 
were studied. 

Eleven species of the white evapontes 
and eight species of the yellow salts were 
analyzed chemically, and mmeralogical com
ponents were identified by X-ray d1ffract10n 
method. 

The white evapontes can be grouped 
mto six types by the mmeralog1cal compo
nents as follows· 

(1) Halite, Sylv1te, (L-1, L-2) 
(2) Halite, Sylv1te, Bloed1te (E-1, E-2, 

E-4) 
(3) Halite, Sylv1te, Bloed1te, Epsom1te 

(E-5, E-13) 
(4) Halite, Sylv1te, Bloed1te, Thenard1te 

(E-6, E-16) 
(5) Halite, Thenard1te, Mirab1hte, Bloe

d1te, Gypsum (E-10, E-12) 
(6) Gypsum, Halite, Thenardite (E-15) 

The characteristics of the white evapo
ntes found around Syowa Station are as 
follows. 

(1) Main component is halite. 
(2) Magnesmm compounds are contamed 

as epsom1te or bloed1te. 
(3) The presence of thenard1te, mirabi

lite and gypsum is observed. 
(4) The white evapontes cannot be 

grouped by the mode of occurrence. 
The results of the X-ray d1ffract10n anal

ysis show that the yellow salts consist of 
gypsum, iron hydroxy sulfate (carphos1dente 
and copiap1te), and halite. 

The yellow salts can be grouped mto two 
types by the mmeralog1cal components as 
follows 

(1) Gypsum, Carphos1dente, Halite(E-8, 
E-14-B, E-9, E-14-A) 

(2) Gypsum, Carphos1derite, Copiap1te 
Halite (E-7, E-14-C) 

To discuss the f ormat10n of yellow salts, 
samples of the soft yellowish brown weath
ered rock and hard quartzy rock were ana
lyzed, and the d1ssolut1on experiments were 
also earned out. 

* :§1EJ.:t1($3:![I$$. Faculty of Science, Umvers1ty of the Ryukyus, Shun, Naha, Ryukyu. 
** -=f�I***· Chiba Institute of Technology, Narashmo, Chiba-ken. 



40 

s: ,h G vi)lffi.vc. J: 'J -c j2s Gh -C � f-:_ cl:) o), %fC. J: 'J --c 1£1f h-c, c (rJ-C 1ti20) 7JU: Is: :> , -'Ch 

1J•J-Z�¥efi�rfi!Jvc. J: 'J -c1J1x. Lts.: t 0)' 0 6 l ,a!g-:,50)Ffi\1[::JJ: C vc. J: 'J -c�L Lts.: t O);s:_ C Bk C 

':It, x_ G,J1, �> tJ:, s: h 0) Ii ]¥f�JilltW< 0) �� c *�:l:t¥< L ts.:t4-5ilJ 0) l3 f:t*f'+ O) t c -C �1-=.JJX. L ts: t 0)-c , 

t1gii1t'¥'1Y0v:::.D��l5i�l, ,L u)-C j; � 

,�HidfilJ.§JtO) Evaponte VC.----:)l,-U&Jli,�JJti3 G (1965, 1966) 0)5f!J�0)406°rlH�-i):0::;-.dJ:, IJH 

l1Jl;�t1gP,;J i!J. vc.----:) l '-CI t -7c O) rn f� i.' .ffi ts-.. l 

4-@ vtJ*if� L ts: ti@,.tj;I l l ffI' J.� BJ;t1 8 Hi 0) 0iti'-�v�----:) l \ -c 1L '4:-Jt �Ti�- h ts-.. l \ ' X tJjl -c �:;} 5K illl 

lfrtl, i� J: l'J -i- (7) ;tl.1: 4,71,1:f_ffi (7) 1 if] ;i � fr /j:-, ,  ts: i / -:_?if �1JtI v�----:) l , -C Tin� J-g- JS t c: N) , !:':cl B t;� c Jr B 

�).t fl· 0) ;2V fil , ;Ji: :Ix+� c tt s8s o) ;[kf� I J: c ':t �\: 1 vc. 7]\ -_t . 

1'( -c yJ. Zi l ') vc. ' 13 �!Jt( vi /lli ts-.. C 0) 1;1� l \ f-:_ a!J C 0) J ') l:cT'-Jill-\'::,\:1 ��-0) J· ' ® 6 l \Ii !tc:f 7J \ (-,r 

ts-.. c vc. tlt(, 5 6 s: tt, ;j'.3};[k is-_ c t3-"< td;t dMk0: Is-.. L -c 12(i- 6 ,u�=.1J1i ti {:11JJ� fJ: < ;ti_ t�r__, n�, 

:r�e,o) JiliUt L tdtkfi (!);¥� (7) J_ vc.J.-. < A L;[J � ts-.. L, -�t----}1Hi� � i�i L -c J1( L, fi. 'Fi-\')� FJ, 

�c o) M 0) T& , i� o) J: 5 1:s: 7G *rMef;,r� f� Iv -n , 1:; 

l 9;f.ili o) �']\fot(J) '5 t.:i , 1 7;flli_ vi* :t- Y !7 11,, ,i�:1 C L;'.J 2 ) -c � tf� Lt� t o) -c , '1S--"< o) =tlt% o) �13 A L 

ic: c � 7:> vi, -i-o)}i:tL L t��;�l Io) ffr% c -�fct 0 jtf!.A� -c 0 0 1m (7) 2 ;flfivi-=;; '/ !l ,1' 7' 5- Jtf!.l;Z� 

([Z] 1 ) 0)1ZB>¥f O) J: C 15i:J"Vt-C }i1;� L t�fi)t n-c 0 6 �;U I 0) r:pv:::. v:tJ;J(!,J�1t:' jJ�&i]I C J:i=-Jill C 0) 

�Zfal (7) 1F:Gte:vc J: 'J -c �N L k '? ' IQz {m� l 'J -c 0-Vr 0) -c 2' iJ ,;f'J � �"JtH cL 2 ;f1f, 0 'J f-:_ O YC � Jt 

vil5i�1� Lt-:_. l 9fKf o) �-:i:tNvt.!Jlt-tf!.fc. :t·:,l, -c-c t �de:� H&, Hi:, E -Jtt-\bK:fi t} ts-.. t' 0)7G*1Wo ,a:'F:r: 

:/� L, t6 r\lrtil;'.J}t: lrr� l::
0 

Y --t 'Y r -C ]!;;,JIJ L fJ: iJ� t:it*�� L, tJ 7
° 

--t 11, �c 1t AL -C ft '0'/,�t 'J k. 



No. 33 1968] 

Sample No [ 

E-1 

E-4 
E-lG 

E-2 

E-5 
E-6 
E-10 
E-12 
E-15 
L-2 

E-13 

L-1 

E-3 

E-7 
E-8 
E-9 

E-14-A 
E-14-B 
E-14-C 

* 1 aB5¥0l!Jtl?.JWJ�-ttK:!t � nt�t\1��*40) ,ii:J!!!., &i'J:kJu J tH't" K. 

Table 1. Description of the evaporztes found around Syowa Station. 

Locality and occurrence Colour 

East Ongul Island Evaponte5 on the flat white 
5urf ace of ground 

// // wlute 
// // grey 

Ea5t Ongul Island. Evaponte5 on the har cl white 
rock 

// // pale yellow 
// // white 
// // wlute grey 
// // white 
// // white gray 

Lang Hovde Evapontes on the hard rock. wlute gray 

East Ongul Island. Evapontes m the shade white 
of a rock. 

Lang Hovde. Evaponte5 in the shade of a rock white gray 

East Ongul Island Yellowish brown deposit yellow 
on the soft weathered brmvn rock. 

// // yellow 
// // yellow orange 
// // yellowi5h brown 
// // yellowish brown 
// // yellow 
// // yellowish brown 

A 

A. 
Mt Tyoto 

____ 1+----- --l----�,-(J--69°12'5 
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, 
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Fzg. 1. Map of Lang Hovde 

Crystal 
aggregate5 

granular 

granula1 
g1anula1 

'>caly 

�caly 
powdered 
powdered 
scaly 
platy 
granular 

powdered 

powdered 

cloddy 

clodcly 
cloddy 
cloddy 
cloddy 
cloddy 
cloclcly 

4 1  
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Fig 2 Map of East Ongul Island. 
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Table 2. Chemical composition of the white evaporztes. 
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Sample No. j E-1 j E-2 I E-4 f E-5 J E-13 J E-15 J E-6 j E-10 J E-12 j E-16 I L-1 I L-2 

Ca(%) o. 12 
Mg o. 74 
Na 30.67 
K 0.22 
Fe 0.01 
Al -
Cl 43.02 
S04 8.21 
COs 0.01 
H20 14.61 
Insol. res. o. 77 

Ca mol. rat10 0.00 
Mg 0.03 
Na 1. 10 
K 0.00 
Fe 0.00 
Al -
Cl 1. 00 
S04 0.07 
COs o.oo 

H20 0.67 

Sample No. 

Ca(%) 
Mg 
Na 
K 
Fe 
Al 
Cl 
S04 
COs 
H20 
lnsol. res. 

Ca mol. ratio 
Mg 
Na 
K 
Fe 
Al 
Cl 
S04 
COs 
H20 

0. 17 0.13 0.17 0.32 22.22 0.33 0.33 
0.89 0.74 2.95 2.02 o. 17 1. 09 2.67 

34.05 31.27 22.91 27.05 0.80 27.85 26.22 
1. 27 0.57 o. 73 o. 78 0.06 1. 58 0.62 
0.02 0.01 1. 03 0.03 0.04 0.09 0.04 - - 0.00 - - 0.00 -

50.93 48. 73 37. 71 42.46 o. 16 35.66 29. 13 
5.98 5. 75 11. 90 10 15 52.69 16.64 25.33 
o. 12 0.34 0.55 0.21 1. 82 0.03 1. 20 
4.62 10.89 21. 19 15 64 20.91 16.09 12.31 
0.36 0.64 0 68 1. 29 0.65 o. 73 2.08 

0.00 o.oo 0.00 0.01 1. 01 o. 01 0.01 
0.03 0.02 o. 11 0.07 0.01 0.04 0.13 
1. 03 0.99 0.94 0.98 0.06 1. 21 1.39 
0.02 0 01 0.02 0 02 0 00 0.04 0.02 
0.00 0.00 0.02 0 00 0.00 0.00 0.00 - - 0.00 - - - -
1. 00 1. 00 1. 00 1. 00 o. 01 1. 00 1. 00 
0 04 0.04 o. 12 0 09 1. 00 0.17 0.32 
0.00 0.00 0.01 0.00 0.06 o.oo 0.02 
0. 18 0.44 1.11 o. 72 2.12 0.89 0.83 

� 3 � e t'lI 0) 1t $ fJl f&:. 
Table 3. Chemical composition of the yellow salts. 

4. 77 0.41 0.33 0 12 
0.68 o. 70 0 64 0.42 

22.31 16.19 26.85 29 13 
0.40 0.53 0.17 o. 13 
0.10 o. 77 0.25 o. 77 

- - - -
20. 71 12. 73 44 93 47.64 
34.23 16.36 1. 47 0.56 
0.01 3.86 0.21 0.34 
8.84 2.02 9. 71 5. 74 
6.85 44.08 15.29 15.02 

0.33 0.06 0.01 0.00 
0.08 0.17 0.02 0.01 
2. 72 4. 13 0.92 0.94 
0.03 0.08 0.00 0.00 
0.01 0.08 0.00 o. 01 - - - -
1. 63 2. 11 1. 00 1. 00 
1. 00 1. 00 0.01 0.00 
0.00 0.38 0.00 0.00 
1. 38 0 66 0.43 0.24 

E-8 E-7 E-3 E-9 I E-14-A I E-14-B I E-14-C 

15.38 4.45 0.53 2.29 9.26 13.98 3.80 
0.24 2.00 o. 76 0.69 0.42 o. 16 1. 59 
2.48 5.43 3. 73 3.00 3.49 I. 64 6.89 
0.63 0 II o. 14 0.64 0.18 0.20 0 14 
4 27 5.63 14.26 14.27 9.42 4.48 5.93 
0. 12 2. 16 1. 79 1. 26 0.93 3.25 0.51 
2.25 4 04 3.38 0.18 0.59 0.90 5. 78 

40.32 35.97 32.31 26.41 36.01 43.80 30. 72 
0.04 o. 10 o.oo 0.60 0.07 0.00 o. 17 

22.09 29.91 33 33 19. 72 21. 70 21. 65 29. 12 
12.24 9.63 6.35 27.56 12. 16 8.00 14.50 

0.91 0.30 0.04 0.20 1. 37 o. 76 0.30 
0 02 0.22 0.09 0.11 o. 10 0.01 0.20 
0.29 0.63 0.48 0.50 0.90 o. 16 0.94 
0.04 0.01 0.01 0.06 0.03 0.01 0.01 
0.18 0.27 o. 76 1. 00 I. 00 0.18 0.33 
0.01 0.21 0.20 0.18 0.20 0.26 0.01 
o. 15 0.30 0.28 0.02 0.10 0.04 0.51 
I. 00 I. 00 1. 00 1. 08 2.22 I. 00 I. 00 
0 00 0.00 0 00 0.04 0.01 0.00 0 01 
2.93 4 43 5.50 4.27 7 14 2.63 5.05 
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Table 4 Whzte evapontes zdentzjzed by X-ray. 

E-10 E-12 M1rab1hte 

d I 
_ _  

d 
_ _____ r

� _ __ 
d

_J_�_
I1 _ 

- ------ - --

B1ot 

Gy 

M 

B 

T 
B 
Gy 

B 
B 
MT 
B 

M 
M 
Q 
? 

MBH 

T 
MS 
Gy T 
B 
M 

H 
TM 
B 
Gy.M 
TB 

BM 
T 
BM 

Gy 

TS 
B 
B.M 
B 
H 

B.M 
TB 
M.H 
TB 
H 
H 

10.0 9 

5 53 3 

5 06 3 

4.64 25 
4 55 60 
4 29 19 

4 11 10 
3.98 5 

3 80 22 

3.64 4 

3.33 21 
3.29 vs 

3 25 74 

3 18 9 
3 12 19 
3.07 8 
2.96 23 

2 82 vs 

2. 78 27 
2 73 23 

2 65 25 

2.58 23 
2. 32 8 
2.27 12 

2.21 7 
2 17 7 
2 11 10 
2 02 14 
1. 99 vs 

I 86 14 
1. 70 8 
1 66 8 
I 62 vs 

I 41 43 

10.0 14 
9 21 29 
7 62 57 
6 32 7 6 3 3 
5 53 17 5 50 100 

4 80 42 
4 67 27 
4 59 26 
4 29 21 

I 
I 

I 

3 85 19 3.82 27 
3 81 16 

3 61 8 3 60 7 
3.43 17 3.40 7 
3 35 20 

3.25 33 3 22 50 

3 18 27 
3 13 17 3. 10 50 
3 06 40 
2 96 12 
2 93 20 2 93 7 

2.82 vs 

2 79 44 2 80 27 
2 75 29 
2.69 10 2 70 10 
2 64 18 

2 55 10 2.56 7 
2.33 7 
2.29 8 2 29 7 

2.22 6 

2.21 5 
2 17 6 2. 19 7 
2.08 3 2. 10 20 

I 99 vs 

I 92 7 1 92 17 
1. 86 13 
1. 70 9 I 71 7 
I. 66 4 1 66 10 
I 63 30 
1. 41 16 

B10t B10tite Gy Gypsum M Mrrab1hte B Bloed1te 
S Sylv1te H Hahte * ASTM card 4-0549 

Thenard1te 

d 

4 66 73 i 

I 

3 84 18 

3 18 51 

3 07 47 

2. 78 100 

2 64 48 

2.32 21 I 

2.21 5 

1 91 4 
1 86 31 

I 66 8 

I 

I 
T Thenard1te 

45 

Bloed1te*-

5 02 10 

4 53 80 
4.25 20 

I 

4. 11 10 
3 95 10 

3 79 20 

3 25 100 

2 96 30 

2 71 40 

2 63 40 

2 57 30 

2.29 20 
2 25 30 

2 16 20 
2 10 20 
2 03 30 

I 92 30 
I 85 20 

I. 66 30 

Q· Quartz 
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Table 5 White evaporites identified by X-1ay. 

E-13 E-5 Epsom1te* Halite I 
1 Sylv1te 

tl I I I d 

-B10t 
--- -

�.
-
1 

� --
;-- i -

I d I I/I1 
I� 

__ _  <l _ _.'___ _11_11_ ! 
d I I/I1 r-------

7. 62 5 
E 5 98 9 
E 5.37 7 5 37 9 
B 4.55 26 

E 
B 
E 
B 
E 

E 
B H  
E 
s 
E 

E 
H 
E B  
E 
E 

E 
E 
S E  
E 
E 

H 
E 
E S  
H 
H 
S H  

4.48 
4.27 
4.23 
3.98 
3.80 

3 45 
'3.25 
3 18 
3. 12 
2. 97 

5 
26 
35 
4 
5 

6 
39 
21 
12 
5 

2.88 15 
2 82 vs 
2. 72 11 
2 68 10 
2.66 9 

2.21 

2 10 

6 

2 

1. 99 vs 

1 80 3 
1. 70 9 
1 63 57 
1. 41 29 

4.48 

4 23 

3.80 

3 45 
3 26 
3 17 
3. 13 
2 97 

13 

60 

24 

7 
42 
6 

18 
12 

2. 88 82 
2 82 vs 

2.67 40 
2.66 65 

2.39 
2 24 
2 21 
2. 12 
2 10 

7 
4 
8 
6 
5 

1 99 vs 
1 88 6 
1. 80 6 
1 70 9 
1 62 80 
1. 41 47 

I 

5. 99 22 
5 35 26 

4 48 14 

4. 21 100 

3 79 13 

3.45 

3 17 

2 97 

2.88 

2. 74 
2 67 
2 65 

2 . 38 
2.25 
2. 20 
2 11 

1 89 
1 80 

16 

6 

14 

20 

14 
24 
22 

5 
7 

11 
7 

2 
4 

3 25 9 

2 81 100 

1 99 

1. 69 
1 62 
1. 41 

73 

3 
21 
12 

E Epsom1te B Bloed1te H Halite S Sylv1te B1ot B10t1te 
* ASTM card 8-467 

3. 13 100 

2.21 60 

1 81 14 

1 40 12 

i<� �--c r}R t-y/J, i.£ l 5 v:. , 1lBliJ2tJttff.EmctE-t 0 Evaponte Lt , B:;rj;ffitJ: c' C0 7f�*TII4'0'3:'f�� 

f� L -c �-x_ is:: 2:: � ,  7 fifiCO ;i;JZ4'1!JftJLo, GJ5X: rJ t.:. � -C i, , 0 . -t tJ: h 1? Halite(NaCl) 7k j::J5;Z;}vc 

L ··c , Sylv1te (KCJ ) ,  Bloedite (MgS04
° Na2S04 • 4H20),  Epsom1te (MgS04 ° 7H20),  

Thenard1te (Na2S0 4) ,  M1rab1hte (Na2S04
° l OH20) :t-;) l V: Gypsum (CaS04 ° 2H20) 

tJ: t' -C 2t> 0  Yc L -c c ;h, G tt 1ri'�5}lfi cott�L -=j-:l_E! � htdMmf.ill t l < krk-t- 0 {i CO c 2t) o  

c ;h, G '.'0Z40fifi co 5}:;{J17k Q 0 2:: ,  Afl. CO !;fz:, \, , t.:. at> t 0) 3:fi.J(t vc ;��-t 0 t co it, Halite 72::' ±f;X :;HC 

Bloed1te -\.>:, Sylv1te 1:r fsts t O) (E- 1 , E-4) -"<, Halite 2:: Bloed1te 2:: Sylvite vc Thenar

d1tc Jo J V- {0>-"< {ffi o) 7f�trM0 , -t ts: ;b 1? ,����UJ:5<::fr'J� -\b K:.fi��,-� ists t O) (E- 1 6) f.£ t !J ;?b Q 
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i t-:ffE O)�\, <Ei��O):¥fEiO) .l:tJ: c' vc vt ,  Halite � ±.SG:5}K Sylvite ��*rfi!jmO) ::fi�� 

%ts t 0) (L-2) ,  Halite � Sylvite vc Bloedite � 1sts t 0) (E-2) , Halite � Sylvite vc 

Epsom1te �%ts t O) (E-5) ,  Halite 5? Sylvite � Bloedite vc Thenardite �%ts t O) (E-

6), Halite � Sylv1te � Bloedite � Thenardite vc Mirabilite � %ts t 0) (E-10) ,  ,: tL 

G vc � G vc Gypsum � %ts t O) (E-12) , i t-: Gypsum �±.nl<::Stvc Halite 5? Thenard1te 

�%ts t 0) (E-15) fJ: c.'iJt'Jb '6 . 

EiJ,vfvc{t� L --c 1, , '6 � a:!j[ (Evaporite) vc vt , Halite � ±SG-5tvc ,  Sylvite ��mrti!Jmvc 

::fi�� ��-/#� %ts t 0) (L-1 ) ,  Halite � Sylvite � J: U Epsomite � %ts t 0) (E-13) fJ: 

['i]t 'Jb '6 .  ,: 0) l :HC ' Evaporite vif:t-tg�ff £ 0) .1: i kviEiJ,vftJ: c' C '  )f_- 0) �:Lt/2vi B /{ 

c �tJ: '6 iJt)f: O)  �:t-tgO) �{t:j::vc J: "'.) --c mffi O)*f.l.p,\(;iJt5E i '6 O) c tJ: < , �110) :!j[�/Jta /{ tJ:�ffl 

--edi- G:h '6 .  ,: 0) ,: c vt,� Ja- G ( 1966) O) j¥J,fij Victoria Land 0) Miers Valley vczif-t '6 

Evaporite O)wJltlm*JihlG c :tlli!!t L --C � 1'.J �*�\, , ,� }a- G O);J/n1tvc J: :hvi Miers Valley vc � 

1, , --c vt Gypsum � Calcite � Mirabilite � J: U Thenardite fJ: c'iJt)f_- 0)3:.fJ:: '6 �l4mti c fJ: 

"'.) "( \, , '6 /Jt ,  13:gfD£rt/2mJill 0) -t;hvi , Halite /J :3:.g\(;-5t-r:_-, Thenardite � Mirabilite, � J:  

u-� f-t- ::,, r) A :!j[  c L --C Epsomite � Bloedite fJ: [' � %ts ,: c �t=tfi-: c L -n , '6 ,:  c c'd) 

'6 .  ,: ;hvi V1ctona Land c l3B'.fDJi:t-t/2 c O):t-t!ffJIH1":J , 1Mts'9�{!:j::O) f§J4vC J: '6 ,: c c �x. G 

tL '6 /Jt ,  JJ[1*�1, , Fr�ftlic·'Jb '6 

,: tL G Evaporite � i c "c!o --C %tll-t '6 c ,  $_ 7 vc_ff! '6 J: 5 vc , 6 "J O)  ;,';v - 7
° vC%JJ:l-t '6 

,: c nt --c- � '6 -ttd·:i 'b Halite � ±W:-5tvc , Sylvite � -@i-ts t O) ,  Bloedite �"'2tts t 0) , 

Thenardite ��ts t 0) , Mirabilite � %ts t 0) , Epsomite ��ts t 0) , � G vc Gypsum 

�±.SG:Stvc , Halite � Thenardite ��tr 6 "J O) ;'' ;1,, - 7° ... C'Jb '6 .  ,: tL G O):!j[ffivi \, , f;h 

t $7..K� J: ij')f_-O)�tp (THOMSON and NELSON, 1 956) c i*\, , �jj; O) 'Jb '6 t O) c'J!) 1'.J , :Lt/2 

fj(1f:::�B":Jvc t �*O) 'Jb '6 ,:  c nt G -r:.-'Jb '6 .  

4. 2. Jit�:l:ji (:? l ,  "C 

jfa:!j[vt 'fJU;7f-tJ: < ff£iJt�1t L --Cl!f)(�1t Lt-:m""'�fiB O)E::fiO) �ffi vc , jf""'jfme� � 

L --Cft L ,  �� 1 ,..__, 14 %WOC�tf L ,  E-5 0) l 5 vc. Halite � ±$::St e L --C �jf§,��-t '6 

t O) vc , i .. H.03%%tf � tLt-:-'fJU��vtvf , ,: c �- c < i3c�4.27""' 14.27% c �-�Jc�d;,1- , a 

't jf"-'�fiB c' , {yU>"f. tJ: < Gypsum �'5di- , i t-::f.iK�i�m�� <t � .m_VC %di- ,  -t L --C 1.K %  

�ii t Evaporite vc.lt�-t hvf �1, , .  ,: :hvt e F' i:i :t- =t- ::,, O)fy-/t�i��� 1i.., --c-1, , '6 ,:  c tJt� 

x. GtL '6 .  
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E- 1 4-C 

d l 

'f'abl e fi Yellow \fllt 1 identified by X- 10) 

E-14-B 

d 1 

I 
! Cai pho,1cle1 1te � 

1 

Copiap1tcH 

cl 

Gy psum 

cl 
--------- - ,--- ----,--- ·- ---- - --:-- - - - --- ---- -- - - - �  

Cp 

Cp 
Gy 
Cp 

C, Cp 
C ,  
C:p 
Cp 
C, 

Cp 
Cp 
Gy 
Q 
Cp 

Gy 
Cp C, 
C,  
Cp 
Q 
Cp 
? 

1 0  4 vs 

8 0 1  1 0  
7 .  69 vs 
G 87 5 

'J <H 
5 53 
5 47 
5 1 2  
5 06 

4 92 
4 57 
11 29 
4 23 
4 1 5  

3 . 80 
'.3 66 

5 
7 
7 
8 
7 

4 
22 
40 
1 '3 
5 

39 
'.) 

29 
') 

'3 24 20 

8 5G 6 

7 69 vs 

5 9:3 
5 56 

5 06 

5 
5 

1 4  

4 29 vs i 

'-$ H l  
3 66 
3 48 

40 
6 
4 

1 0  I 

�-l 1 8  38 3 18  vs 
3 l 1 2 1 '.3 1 1  30 
') Ob VS '3 06 VS 
3 00 1 4  i 

II Gy 2 88 32 
Cp H 2 82 40 
C, 2. 79 I 1 0  
Cp 2 7 3  1 1  

!I 
Gy 2 69 7 2 69 '27  

Cp 2 57 1 1  2 59 I 8 

5 9'.3 
5 56 

5 05 

3 66 
3 48 

3 1 1  
3 Ob 

40 
40 

50 

1 0  
1 0  

100  
1 00 

2 9G I 2 5  

2 78  

10  5 

8 0 1  

G 87 

5 96 

5 47 
5 1 2  

4 92 
4 58 

4 1 5  

�; 66 

'3 43 

3 24 
'-i 1 6  

'-:\ ()b 
'.3 0 1  

2 82 

2 72  

2 57  

1 00 

1 0  

'.30 

20 

1 0  
20 

20 
20 

30 

30 

40 

I U  
1 0  

40 
I O  

J O  

40 

20 
c� 2 52 1 6 2 52 , 2 5 
Cp 2 46 G 2 46 I 8 2 47 20 I 
Cp 2 42 G 2 4 1  I 4 2 .  4 1  30 

II 

Cp 2 29 9 
I 

2 29 1 0  

0, G y  2 22 8 2 22 I 22 2 22 40 
Gy Cp 2 08  5 2 08  ! 20  2 09 10  I 
Cp 2 05 7 2 05 20 

7 70 50 

4 29 1 00 

3 8 1  

3 . 06 

2 87 

2 68 

2 48 

2 22 
2 07 

1 5  

50 

20  

20  
50 

Cp 1 1  1 99 2 ') 99 q l 99 20 j 

�� i !� � : �; .11 � �  

I :: ::: :� �� I I 88 25  

g� Q i �I 1 i  i �I i � 1 83 50 
8 1  1 0  

II Gv l 78 1 0  1 J 78 l (J l 79 2U 

�j�-
1 
_ _  ----� 

62 
-�-_I �-� _ I  __ 1

3--�---- l _�_ I --�--- --- I ��� -- I _
1
1 __ 

Cp Copiap1te G, Carphm1clentc Gy Gyp,um 
-t- AS rM cai d 1 0-444 *--l< ASTM card 1 1-395 

Q Quartz H Haht<" 
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Group 

\Vh1te evapontes 

2 

3 

4 

5 

6 

Yellow salts 
7 

8 

10  

Gvp�um, Hahte, 

E 8 Carphos1der1te, 
(Qu•rt,) 

G,psum Hahte 
E 1 Carpho..,1d(.rite, 

Cop1ap1tf> (Quart,..) 
(81ot1te) 

E 9 
G\psum Halite, 
Carphos1der1te 
, Quart,; (R•ot•te) 

G, psum Hahte, 
E 14 A C,arphos1der1te , 

(Quart,) (B1ottte) 

(,vpsum, Hahte 
E 14 B Carphos1der1te 

(Quart,) 

(,vpsum Hahte, 
E 14 C Carphm,1der1te 

( op1ap1te (B1ot1te) 
(Quart ... ) 

� 1 JJJ 1Ji 0) �1, r1.1 m !ii. 
Table 7 Mzneralogzcally identified e vapontes. 
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-- I � _:_;;::-� 

Identified mmerals 
-- - - -- --

Halite (NaCl) , Sylv1te (KCl) , (Quartz) 
(B10t1te) 

Halite, Sylv1tc, Bloed1te (MgS04
° Na2S04

° 4H20) 

Halite, Sylv1te. Epsom1te (MgS04 • 7H20) 
Bloed1te, (B1ot1te) 

Halite, Sylv1te, Thenard1te(Na2S04) 
Bl0ed1te, (B1ot1te, Quartz, Feldspar) 
Halite, Thenard1te, M1rab1hte (Na2S04

° l 0H20) 
Bl0ed1te, (B10t1te, Quartz,) Gypsum 
Gypsum(CaS04 ° 2H20), Hahte, Thena1 d1te, 

( Quartz, B1ot1te, Feldspar) 

Gypsum, Carphos1de1 1te(F e3 (SO.) 2 (OH) 5 • H20) 
Hahte, (Quartz, B1ot1te) 
Gypsum, Carphosidente, Halite, 

Cop1ap1te(Fe 1 1 • Fe4 1 1 1  (S04) 6 (OH) 2 ° 20H20) 
(B10t1te, Quartz) 

20 30 
I 

c c  

6 6 0 

6 0 

io 
I 

6 

G 

p 6 

0 H e C 

0 G H C  Cc 

HC CG 

6 p H e P C G  

50 
I 

C 

ca c 

C O G  

co 6 

6 

G 

[Sample No. 

L- 1 
L-2 
E-2,  E-4 
E-1 
E-5 
E-1 3  
E-6 
E-16 
E-10  
E-12 

E-1 5  

I 1E-8, E-14-B 
1E-9 E-14-A 
I ' 
E-7, E-14-C 

oO 
I 

6 6 

GH 

G G 

G G 

Iden11f1ed minerals 

II , C,arphos1derite 1 1  

Cop1ap1te 
I 1 1  I ,  I , , I,  P l  L .  l I I I, 1 1  , I 

G) psum I I I .  I 
I 

11 0  10 
I 

20 30 2 0  

� 4 l'ili. 5� 0) X �@J{fj Bl 

Fig. 4. X-ray di.ffractzon pattern of yellow saltJ. 

I 
C 

I 

50 60 

C Carphos1deritc H B1ot1t� 

P Cop1ap1te Q Quart1 
G G,psum 
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� �) �=--t 0) ;i,Jl, l0�1 I Jk � lijj r:_) 7} \ V=--t 6 f,:_ th , X �t1�m1 tff lJ -C --7c CT) jJ2,40H 0) [ 1 1J ;i � i J i's:, -_d_:_ �c 

O) {ir*� Sample No. E-1 4-B c E-- 14-C f:.� l , --C J-: 6 1 :.50-t 

l�J O) I GT){[cUi "'f- -t- - J, f� O) l::° - !l CT) 1 ',';1 � � -7c O) i f ;,2 .tl L f_:_ t o) --C � I) , t1��t40fi O) cl c 

l /I1 0) {18 /i ASTM -J; - r' iJ ,  G J:ftf# L t_:_ t O) --C Ji> � Ye o) [iliO)J'.�f:s:Lt1 v-=. � l , --C ltX*1,1nDl iJr [';(f 

M�t{i'i1J\ L f,:_ t 0) � 8}  + IC. ,  Yc 0) {.:,� 1�;£1JA0fw� [i] O)!r::: v-=-tcJ\. L t_:_ t 0)�71, ·t 

:tR l l�HC.5T"-t l 5 vc. 9\ 5.r.\{vi Gyp�um l Carphos1dente (FclS0 4) z (O H ) -, ·  H �O)-\"::J 

Copiapite (Fe i r , Fe/ I I (S0 4) 5(0H) 2 • 20I -L0) -\� Halite CT) i ,Ff, O) S�,411 frfn=- :::-i�MI40 c L ·c M; 

-��j 1 _JO) }f;fts: l 0) Biot1 t e -\� Qua1 tz tc c'� ct 1v -c l ' 6  ,: h G 4 f_ifi O) �1:40Hivi 1lfy v=::. if- L t_:_ 

f bt5Hfr o) ii,�� , 1,( 3 iJ ,  G -=f � � h 6 ;£11:4'0tfP v=. l < {t:ii L -C l , ;;:> 

._: J-i G CT);v1J'0fif vt-i< 7 v=:. ;f,-t J: 5 v=- 2 � O)  !l 1[,, - 7°

K�- J}�t{ � i i  0 

��=- Q 6 J 5 r:. , -t J- Ut Gyp�um l Cai phos1dente c Halite i:.  IrY�� Jf,�� E):is: l' � f� 

td ) GT) ( E-8, E-1 4-B, E-9, E-1 4-A) c , Gyp-,um -\"=' Ca r phosidentc -\� Halite ·\,::,-;c-if 

-\) .9':1,"l': fJ:H-=. Cop1apitc � �ts t CT) (E-7 , E-1 4-C) O) 2 "") C1) IJ 1t, - 7°--C JI> 1�> 

-= A l  r_) tit §.J::'&1 O) q,7-� i ;t ,  5HJ?*;h �-? Xtju:: J: Zi fi �JfEO) *c1 l-lU=- l I) I V J i;.y/J , ts_ l: :) i =- '  Gy psurn 

-� Carphosidcritc -\':> Copiapi te tc [ � {,;-ts -=. l --C JI> !J Cm phrn,1 derite Copup1tc tc c 

(!) l 0 ts:. i:: F' i:i * + /Mt�!$1:fgviMdl:JJdJL (!)EJMU-:. J -::i -c g._ 1k � h 6  i) 0) -C. , t < Gyp�um 

,:r f�ti f r  L --c ,;( / 1 \ -t  ;:) -:. l it ,  j l f· �� 0) +r-!fi --C ti �� J, t /J t 0) -c cf) <.> (SAKSCT .\, l 952 . i\if ,\RH i\ :,, 

1 963 ) 

,: h G 0) (?r!JiJ ,  t-> , ,: O) � €5:itK t foft 1Lt'HIL G7) EftUU:: J: -':) -c �t 11x. � h t_:_ -=. l t i  Hlh& 1, , tJ � 1:_c < , 

-�P 1� ,: 0);1[IJ2l l vi Wit 1dHJL � J: < _m �vt 6 ,: l iJ :��t_:_ -: 0) l 5 t,r_ -: l iJ � G � � G v=-M 7) ' 

ch '6 t.:. c1� , }fff:s.lii��GT){,j u L td!e(T)Rt:!t-5 (Sample No. 1 4-6) c ,  -t GT)-t <' _i[i < --c f:'==1&J1",, 

(Evaponte)  O) f,J-� Lt��1, ,ffi�5 (Sample No. 1 4-7 ) ��x i) , t}� L --Ctti � l  L -c , r5� v=

JJ� -t 151.k-C Uk 0) ff:Hl\ �� �i � fr t ,r_ -':) t _:_ 

-t /,r_ ;hi:J , -0,-�;U+ 1 g � c I) , 250 cc 0) .J< 7--. 7 7 7--. ::z v-=. )d1 , 0 1 N O){vU� , J�\i'i_�, !I .:r. :/ 

�tu J: D-�t:fJi:t t,r_ c % � 1 50cc � }Jl� x..30:JJ I / \HJi{ 6 i t_:_tAl I 1 g ,a:- 1 50cc 0) ;j( 0) q:i i-:. }J I I :z. ftizfll11 t., 

;,--. �401;}rU1 ;lli-t � r-> v=- 1 .K 0) ftlii l 1 N O){VTt�1 -J- J, � 1) 1,, o) i:m�l50cc � )J ll:z. --C305J l1 \HJi, 

::,> -t L -c fit . 0 ;t& L -us !& o) *1 o) S'J. ,a:- JE1f, -l ?.> l � , 0 JH};; -c . l1R f L L t_:_ w't:¥1- l �t 1, ' J:TUL � 

J1> i I) ,:�Hl -c 1, , tc l , �, : r, c o) JJ o) :IJ� Tl�(T) l t 1ri ,t( h tc 5 'J:&� ,:� �;.i\ J,,_ t: -i- 01 t;11 ;1� {( J-:. 8 v::::. ;f, -t 

.U=- ti <J , t  ·j 1 =- 1�1 8li:, C Cv <t po1 1 t  c) U) H .,(1 L t_:_1/rr i-i h ,  S U_) j,Jc O) dl- Ll\ �11 !J • 1J\ 8J1,i, <J) f-J �fu L 

t:J}t 1 ri � h -u ' 0 1�: � I l I) '0 1 I) � l ' i: t_:_ 1�� 0) �1t �J�H =- ,L l):] (f L ,  �!tJ ,  tf! l \ ii 0) i i  l f)._ 0) di 
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Table 8. Result of iron d issolution experiment. 
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Experiment No. Ro�k-S;mple / No. I 
Treatment Dissolved iron 

1 mg/g sample 

2 
3 

4 
5 
6 
7 
8 

9 

1 0 
1 1  
1 2  

- 14-7 ---!o.- l �=H:so.�----30�;:�xtrad _____ -
14-6 
14-7 
14-6 
14-7 
14-6 
14-7 
14-6 
14-7 
14-6 
14-7 
14-6 

// 

0. lN-HCl 
// 

30mm extract 
// // 

0. l N-Citnc ACid. 30mm extract 
// // 

0. l N-AcetK Acid. 30mm extract 
// // 

C02gas. 40mm bubbled 
// 

// 

// 

30mm extract 
// 

- ----- �-- - ----

2 3 1  

0 76 
I .  99 
I .  59 
0. 85 
0. 48 
0. 35 
0. 06 
0. 03 
0. 0 1  
0. 03 
0. 03 

- - - ---�---- - - -------------- - ------ - - --- --- - - ------'-------

� g :f5 :f5 iiJ\ f:f (J) 1 t '.'f. m ,J\J. 
Table 9. Chemical composition of the rock sample. 

Sample No 14-6 
Total Fe wt. % 

Al 
5. 92 
9 14 
7 .  49 

- - -
I 
- - -- --- - -

Ca 
�fg 1. 29 
s,o, 50. 20 • 

14-7 
4. 05 
4. 66 
I .  68 
0. 57 

72. 01 
Fe(II) O. 52 0. 89 

- --- -- ---- - ----- - --- - - ------'---- - --- - -- -- -- - - ------ -- - i ------- - - - -- - --

Descnption Soft yellowish brown weathered i rock Hard quartzy rock 

1 1:l :I. t {!:\: Ft- 6 � ;h vi;Ykh ;JsiUt r:. l 0 --C @£11::� '.:Yl:vt II {[IIJ C0 ;'iliJ•  I I I  {dh C0 fHc�{t L ts: � 
c r:::. J: 6 t C0 c ;Jr; x. GJ'L 6 C0 t ,  � :h � filiJ · 60  6 ts: 60 .1§.titNC0 5Hfi� fl ts:. 0 ts: . -l C0 *a 1*it 
* 9 vcjf--_tjm IJ --c- Js 6 

�--C f]fJ G iJ , ts:. l  'H=- , J!fil. 1t � ;h --c 1, , 6 B{-i No. 1 4-6 vi Evaponte C0 {t%f L t-:� 1, , -£; 1-=i 
No. 1 4-7 c lti/& L --C ,  Total Fe --C v;t?@i 1, , f[i� �i""iJ; , I I  frffi C0 F e  --nt{1l 1, , ,  � hvi lJJj G 
iJ \ v=- � C0m& C0�i�1: /J : ,  J?\l. 1t� c1: IJ � < �vt --C f!i11t � h. --c 1, , 0 � t �7], -r t  C0 --c  � ?.> . � o) 
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li IJ v:. ��n � ,  4 hJf §E � 1 i Is 0 i:. Ji) ts: 1J , x tJJu:. J: 0 �lJt,0 fl o) l ti] JE -c ( i}RJ�CL i'" I:. + 1ttH& *� 
l 1·7rJf '.JE Pfi 0) *+ fijlj[(; v=. )�� Iv 1lil ti): nli i=- IS:. •:) ts: :l ts:�,;\ + I CC>tt5!:-:::. Ii , Ut 8 {J( nHfliJ!J!.foHJl,�)J I;�, 
0) tt H v:. 1{lc�1.it ;; ,r; i:. tJ: �> ts: Hil111£i&?HIJI;� �JJ1 1 v:.  "'") � , -c it 7 :/ 7 tli lcii 1 IJ fifH'E 't!( o) J:Kll)JIJ :  cfi) -':) f::_ 

--c o) fm 1fa,C.., 111,1 flu o) i1il [h', J J � t < CJ) J 1 /� 11 , i:-_) '.'J:( J ts: . , ,� L -c !1�;�{0) �, � 1-<:'°t � . 
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