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Abstract 
Reconnaissance of Lake Miers m the Dry 

Valley reg10n, Victoria Land was made by a 

summer party supported by the U. S. Nat10nal 

Science Foundat10n This report summarizes 

the descnpt10n of occurrence and character­

istics of the crystallme salt deposits found on 

and beneath the morams on the bottom of 

the Miers Valley, m this report these depo­

sits are called "evapontes" although the 

mechamsm of the f ormat10n of these deposits 

is still obscure. 

The mam characteristics of the climate 

m the Dry Valley are qmte and condit10n 

and comparatively high temperatures m sum­

mer and strong wmd, which are considered 

to be ascribed chiefly to the low albedo of 

widely exposed rocks to the msolation m 

summer and the compress10nal effect (pseudo­

foehn phenomenon) of katabatic wmd. These 

circumstances may have a close relat10n to 

the mechamsm of format10n of the evapontes. 

The Miers Valley was once covered with 

glaciers and by the retreat of the glaciers the 

U-shaped valley was formed, the floor of 

which bemg widely covered with morames. 

The morames are composed of undifferentiat­

ed material of the Koetthtz Glacier ongm, 

which was grouped mto four types by BLANK3> . 

The morames are qmte flat m part, sug­

gestmg a levellmg act10n of water (lake 

water?). Patterned ground is commonly de-
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veloped m the moraines Lake Miers 1s located 

at the bottom of the valley and ill-defined 

old strand Imes of the lake can be observed 

The lake water 1s not salme probably because 

of the presence of an outlet stream. 

The evaporites can be grouped mto three 

types by the mode of occurrence (1) plate­

like aggregates of crystals spread over the 

flat moraines (Sample Nos. 65M60, 65M80, 

65M90, 65M1001, 65MI002, Photo 3), (2) 

cloddy crystal aggregate5 on the ridge of 

moraines, some of which he directly on the 

core of ice (Sample Nos 65M30, 65M402, 

65M401, Photo. 4) and, (3) horizontal layers 

mterbedded with morames, exposed on the 

flank of a gorge which was formed by down­

cuttmg of an outlet stream (Sample Nos 65 

M501, 65M502, 65M503, 65M504, 65M506, 

Photo 5) 

Samples of the deposits were analyzed 

mmeralog1cally and chemically X-ray d1f-

fract10n pattern and em1ss10n spectrogram 

were also taken. The result revealed the pre­

sence of the f ollowmg four evaporites gyp­
sum CaS04 •2H20, calcite CaC03, m1rab1hte 

Na2S04 °IOH20 and thenard1te Na2S04 Some 

of the deposits were found to be the mixtures 

of gypsum-:-calc1te or mirab1hte +thenard1te 

and some othen contained more or less quartz, 

feldspar and amorphous mmerals (Table 4) 

Chemical analysis of four 5amples (Table 5) 

also confirmed that the mam components are 

gypsum, calcite, m1rab1hte and thenard1te 

Trace 1mpurit1es m these crystals were detect­

ed by spectrograph1c analysis as shown m 

Table 6, md1catmg the presence of strontmm 

m calcmm mmerals and calcmm fluoride and 

barium m calcite Crystallme mirab1hte sample 

was found extraordmarily pure, showmg no 

md1cat10n of 1mpurit1es other than traces of 

alummum, magnesmm and calcium 
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Victoria Land 0)11£ri!?.tg\Zvc :ruvt0 Jiri�O) ��fl<lliJ{[![vi1lGh--C\,,fJ:\,,O)"(', i6:< vc.25 

0 McMurdo £ti!?. Ol!�t* 65km) O)ll[?J[IJ�� 0 c, Table 1 O)jm I) "C'25 0. 

Air temp. 
(° C) 

Wmd 
speed 
(knots) 

Snow fall 
(mm of 

water) 

Table 1. Climatic data at McMurdo Station, Antarctica.* 

I Jan, I Feb, I Mar, I Apr I May I June I July I Aug, I Sept, I Oct, I Nov, I Dec, I Year 

-3.3 -8.9 -19.4 -21. 1 -22.8 -23.9 -27.2 -28.3 -23.3 -20.0 -8.9 -3.9 -17.8 

10.2 12. 9 15.5 12.4 12.8 13.4 12.3 10.8 13.2 11. 6 10.0 10.4 12. 1 

11 12 6 7 10 7 5 9 10 7 5 10 100 

* Mean values from March 1956 to June 1963 after U. S. Navy Weather Research Facility. 
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Fig. 2-1. Miers Valley. After the geologic map by BLANK et al (1963), slightly modified by the authors. 
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Table 2. Chemical components of the lake and in flow waters (mg/!) 

St No 
I I 
I Depth (m) f K 

_ _ __ I _  I 

Inflow water 
Lake waters 

M l  
M l  
M l  
M l  
M2 
M2 
M2 
M2 

1 0 

8. 5 2. 5 
12 . 5 2. 4 
1 7  2 . 6 
19. 5 3. 4 
8. 5 2 . 6 

1 1 . 5 2. 5 
15  2. 4 
1 6  2. 6 

-�------- - --- -- -

Mg Cl Na I Ca 
_______ !_____ I 

3 
3 
2 

<1 
3 
3 
3 
2 

15. 2 

1 6. 6 
16. 7 
28. 8 
40. 0 
16. 6 
1 5. 6 
1 7 . 7 
24. 7 

o. 6 I 3. 5 --;� o 

�. � I 

2. 3 

I 
2. 9 
1 6 I 

1 .  8 
2. 0 
2. 1 

5. 6 
5. 5 
6. 3 
6. 5 
6 8 
4 5 
4. 8 
5. 0 

3. 1 
4. 1 
2. 9 
1 .  7 
5. 3 
3. 1 
3 . 3 
3 1 
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- !l �tt-t" c ::  ;s vc ,  h ,tJ.: 9 ff. <  ftittt-t" 0 t 0) -C' ,  � L \, ,��vevi ,  -'f: v 

- Y O)�il: &:1:-c,� ot-=rh,  :l:gJ�MJrtf:J�O):ftft L -c 1,, , 0 c ::  0 viW< s"'BRms0)1J \ !ll� t L 

-C , JiJJil' G�53!J L ffl o  vf .!:' -C'� 0 (Photo. 4) .  65 M30 , 65M401 , 65M402 il :--t;h vc..�--t 

oil� ,  �*� 0 ::  t vcvi ,  65M402 0)1*:ft�?Jr-C vi�Jfh, G  80cm vf f' 0)1Jrtf:J�O)rvc ,  -t: 

v - Y 0)7J<.� c � x._ G :h 61.kil � ®JtJl L -C tt:ff-t" 0 :: c -C' � 0 .  fiJjztt 0) .J: 5 vc.. , :: 0) -t: v -

Y vi , 1.k�� t /),�-c M4 vc..{J;L-c 1,, , 6il� ,  M4 .J: 9 -?-?r!i"1,, , i7 , t �o:h tt 1,, , .  � 3 vi , -t: v ­

Y O) P3t5Gvc..wtt¥-t" 6  t O)-C' , rmt:O) Miers River iC)� -t: l/ - Y � tU ,4.; -C'%$: L t-=�m:O) ,  foJ 

J5Rh, G 15m vf c' J::O) c ::  ;s vclltf:l L -C 1,, , f-= t 0) -C'� o (Photo. 5) . 65M50 1"'65M504i7�--l 

:h-C,� 6 .  7.Kfsf.JttJf;J:k�tt L -C ,  *afaO):ft�{*il�tt:fE L .-l O)Jf�1* t i t-= ,  �h, vtJ:: 4 

Jf t L < vi--l :hLlJ::vc..:S-vt G:h 0 .  :: 0) Jf O)il[r tu .J: rfilIJ::vc..vi , h ,  tt 9 t[M,"' ,1J'.s �mrf 

t-=1i!P, � 1v r C5* c *Eh, G ft 0 )  il�t�rh G:h t-= . :: 0) Jf .J: 9 J::JJO) -'f: v - Y 0) ff. �  vi §J3 

1itvc.. L 1ttJ.:iC/ >0  t-=il� . � L -c ff\, \ t 0) -C'vi fJ.: \, '  G L \, ' ·  m G < ' :: 0) Jf �1s'ts-t: l/ - y CM2 

? )  O)J::vc.. , *1T L \, , -'f: l/ - Y  (M4) b�mJJ.: 0 -C \, , 6 {i O) c df. G:h 0 .  65M70 vi , foJ:@:i!i < 

0) -'f:  v - Y vclltf:l L -C \, , f-=�BO)r'Xfzf,z;-C' , Evaporite c vil!f � ::  c il; -c, � fJ.: \, ,  t 0) -C  � 0 .  

b) g]\;fij-O);j:k� c ��JJl* 

�i-t vc* L t-=�Hvi Table 3 vcif---t 16 ti:-C'� 0 t-= . ft il , vc.. vi1i!P, VE�±fflt:53'- c --t 0 t 0) ,  

WG\,  ' vi ::  :h �1sts t 0) t � 0 t-=il� .  � < vi l:t�sf.Jm:ff�O) j,' tJ.:1,,  '£ 1l"a 0):fti;-{*-C � 0 t-= --l 

O)s-?%vi , ss i t-= vi1,\'. SB,  ffl.*.ft, �Jt�*afaO):ft i 9 -c,� 6 65M30, 65M402, 65M80, 

65M90, [AJ t:: < sa ,  fflf.ft-C'���tJ.: L -C 1,, ,  0 65M41 c 65M l002, *r!!ss,  ffilHf.ft-C':ti;J:k 

i t-=viJf� � tJ.: L -c 1,, ,  0 65M60, svi EJHIB-C'tf> 6 il�, 1'§1 C < 3¥:ti;J:k�� L -C tu 9 ,  -?-?� 

1,, ,  65M l00 1 tu .J: tf 65M l002 0) l i¥Gtt ,tfi k O) {i O)il� tf> 6 . i t-= ,  :'.: O) vfil ,  65M504, 65 

M503, 65M502 tJ.: .!:' viffl�, .:¥�§13 , �;J:k-C .-l O)�ffiJvimsvc.. .J: ::'':ht-=*asBaf.ftrO):fti;-h, 

G tJ.: 9 '  i t-= ,  F/§1 CJfO)J::$0) 65M50 1 tJ.: Evi Ss�W*;J:k0) 1J,*5a8a O) df.  .J: 9 tJ.: 9 '  F/§1 t:: Jf  

i=j=t O) 65M506 ft c' vi J::t2W*;Jx c ffl:¥.ft;J:k0)*5faO)m� .J: 9 ft 0 -c 1,, ,  0 . 65M70 vi�ms , 
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Sample 
No 

65M2S 

65M 30

} 65M401 
65M402 

65M501 
65M502 
65M503 

65M504 

65M505 

65M506 

65M 60 

65M 70 

c21 16) cm�tfl} 

Table 3 Description of the evaporites found zn the Mzers Valley. 

Locality and occurrence 

Bottom sediment collected at 
Hole M-2, L. Miers 

Evapontes on a small ndge of 
morame 

A seam of evapontes on the flank 
of the valley wall 15m above the 
valley floor The seam is divided 
apparently mto four layers, 
namely 1 ,  2, 3, 4 from upper to 
lower 

Fme sand and silt layer upon 
a seam of evapontes 
A block of a seam of evapontes 

Evapontes on the flat surface of 
moraine 
Reddish brown deposit on the 
flat surf ace of morame near the 
outlet stream 

!Locality I 
m Fig.2 \ 

Colour Crystal 
aggregates 

I I gray 

D I white 

I �::t 
I fine muddy 

E 
E 

H 
H 
H 

H 

H 

H 

G 

F 

white 
I coarse scaly 

coarse cloddy 
white, coarse scaly 
yellowish gray 
white fine finely powdered 
white fine cloddy 
white, semi- I coarse granular 
transparent 
browmsh gray coarse granular 

yellowish fine powdered 
gray, white 

browmsh gray, fine, cloddy 
whitish gray coarse 

white fine platy 

reddish brown fine powdered 

65M 80 
65M 90 

65Ml 001  
65Ml002 

Evapontes on the flat surface 
of morame 

B 
A 
C 
C 

pure white coarse scaly 

white coarse cloddy 

browmsh gray fine platy 

yellowish gray, fine, platy 
yellowish white coarse 

�;§}*tit C0it�tw J: 1) fcf.. 0 -c \, \ 0 .  

�ti1H:t�m�IBm�it� J=lh, -c , -c- � 6 ti vtt-2fsssfj/Ht C0 �  �ff'.¥E:� < �551J L t /J ,  G;§J-� L -C U  

T C0{l]U ;E VC. {� Lt.::... r1tf!- C0 5 'b vc. f.t{f{:jzt C0 J: 5 vC. t[l;§Jvc. -t 6 c �,;fil VC.IBl7J(-t 6 t C0 t 25 0 C0 

-c-, -l h G vit-Ei 01\ C0 i i I& 1? flh,, ,,Q;,�/J ; 26hvtJJliJJE1l�Jtrvc.;§J-5rc vc.-t 6 J: 5 vc. Lt.::.. 

�55!J � ht.::..;Af4 v:tiwif1tDfltZffivc. J: 0 �;EC0 e0 'b , x ti;§J-5rc @tfrfRvc. J: 1? -l e0�ttrfi e0 /qJJE 

�fr fcf.. \,  ,, -l e0 5 'b !J , G:=:t� tcf.. 6 t e0� 9t 0 /u -C 1t.$5t1Jr c 5J-jt5Hfr�h fcf.. 0 t.::.. . -lf1> fh 

C0 {1[1JJEJJYR c � § vi{X C0:ifil. 1? -c 25 6 . 

;§J-5K X *vJt@tfrt!vi, Cu-target , Ni-filter, 35KVP, 15mA, slit : I 0- 1 °-0 2mm, scale 

factor : 16,  multipler 1 ,  t ime constant 4 sec. -C fj fcf.. 0 t.::.. . 

1t.¥5Hmu:tmT7ffi C0 YIJ < :t-:M:i4mvi-C � 0 ti vtf� < J: 5 vc."'J c cl:d.::../J ; ,  fcf.. �l�tE-t 0 &.ffl: e0  

t e0 �� < t.::..'d:J , i.rt:nv:t-t.r(t 7J( C 1tr6,Jit e0 t e0) i t.::.. v:t s %�� cc1 JJJJJEU:1} e0  t e0 )  t 1 0  

%:ti�� (Cl 1J!UJ£ffl) -c m!W L , :t-:*11!4mv-.t, ::f:��'i>i�tf c Lt.::... -:_ e0m%tvc. ":) t,, -C , Ca, Mg 
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vi EDT A m}jJEi*, Na, K viJ t�lt%1Jri*, Fe vi a, a' :P 1:::.0 !J :P Jv vc l 0 lteJE:l:i*, SO 4 

viMmi,,�  !J 17 .z,. vc 1 0 :m:l:i*tJ: G tf vc y !J -if !J Y s vc 1 6 �1t,,�  !J 17 A m}j JEi*, Cl vi�l:\f® 

iJm}jJEi* i t-=.vi 1=1 �· y 7_tfJv=. 1 0 ltei*, CO2 vi1*z:l.tJ.ttti*K- l 0 t-=. . i t-=. , %jt 5:i':f:Jrvc 

1 0 1*z:l:nx:%0)JlJJJEvil:�=k�WHi3f5\:'¥:ic� \, , -c fi tJ: 0 t-=. t 0) -C· , � $  QF-60 �lf'�%jc 

�. �ffim]Udc5Jl\jf:i*, TI[dit: 350V, 5Amp. , i::p jt:,j¥5�7J;i:\, A !J 'Y r m  6/ l OOOmm, ff ill 

5 f!b, 7
° 

1=1 � A ,,� Y !J 1=1 fitlsi-C ffilJJE L t-: 

Group 

2 

3 

4 

Table 4. Mineralogically identified evaporztes zn the Mzers Valley. 

Locality Identified mmerals 

Evapontes on the flat Gypsum CaS04 °2H20 (65M60, 65M80, 65M90, 65M1002) 
surface of a levelled Calcite CaC03 (65M1001) 
moraine 

Reddish brown deposit 

I 

Gypsum + Quartz + Feldspar + Limomte + Amorphous 
near the outlet stream mmerals (65M70) 

I Evapontes on a ndge I Gypsum (65M30, 65M402) 
of a morame Gypsum + Calcite (65M401 )  

A seam of evapontes on Thenardite Na2S04 (65M501 ,  65M502, 65M506 powder) 
the flank of the valley Mirabihte Na2S04 ° I OH20 (65M506 crystal, 65M504) 
wall Mirabihte + Thenardite (65M503) 

I Bottom sediment of 
Lake Miers 

Quartz + Feldspar + Amorphous mmerals (65M505) 

I Quartz + Fcldspar +Amorphous mmerals (65M2S) 

c) � .� is � 
X ffv?<tJ: c· vc l 6 fPJJEO)¥a�. ±�tdJZ�vitX O) 5 t!!ll c , -{- O)�it4m l iJ tJ: 0 � c i7�=¥1J �  

L t-=..  RP'b , 

1 )  65M30 , 65M40 , 65M60, 65M80, 65M90, 6SM 1002 tJ: c' , 5JZ-:f:13 tJ: -'E- v � Y ffil: 

i t-=. vi morame ridge J:0)¥a sssvi Jt�B"J;r.ft� O) S 5¥5 ssstJ� �i'.7" --? t-=.h� . � :h G vi Table 4 

vc t ffii" c· c < , \, , f;h t ±. c L -C Gypsum (CaS04 ° 2H20) l iJ tJ: "'.) -C � IJ , tJ: iJ , vC. vi ,  

1, 2 O) �tit!4m��*l L -C \, ,  0 t O) n� �  0 � c t  =¥1J QJ:J L t-=. . 

u )  65M l00 1  O) ftlsi� O)�f--lvi , ±. c  L -C Calcite (CaC0 3) O) *s sss l  iJ tJ: --? -n , 0 . 

tJ: � ,  65M401 c \, ,  '5 moraine ndge O)�m O) *a sssvi Gypsum (CaS0 4 °2H20) c Calcite 

(CaC03) O) jµu*iJ ;ilBit L t-=. '6 0) -C· � iJ ,  i t-=. ,  65M l 00 1 ,  65M l002 iJ� fPJ-m O) J:r O) {ft 

-/i:vc. tJ: "'.) -C \, ,  6 � c iJ, G t , � O)tif!.:f:E:x; -c· vi ,  � :h G Jµu��O) Ft:,j vc viW:}ftJ: M1*i7� � 6 t 0) c 

�x. G :h 0 .  

ui) i t-=. , 65M504 0) l 5 tJ: Miers River 0) /nJfR l I) 1 5m t J:vcff tf:l L -C \, ,  0�ffim 0) 
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-�- �--�-'--��-
l l  20 J 5 2' 2S 30 2c 

Fig 3 Variation of X-ray diffraction 

pattern showing the dehydration of 

T� vc vi Mirabihte (Na2S04 ° lOH 20) JJ ,tftE 

't 6 S:. c 7J ;  �1�1] ll]-J L t.:.. 

iv) � G vc [PJ-� O) J:� �1tJllO)�i:;H 65M50 1 ,  

65M502 tr �- vi Na2 S04 O) �J](t,0-c 2t> 6 The­

nardite -C 2t> "'> t.:.. .  i t.:.. , S:. O) [UD*0) 9::i IT3'J� vc 

2t> t.:.. 6 65M503 O)�lHi Mirabihte c Thenar­

d1te O) �tJ*O) flE,f=tf0-c· 2t> 6 s:. c t  =V1J flf] L t.:.. . 

Mirabihte (Na2 S04
° l OH20) vi � pq -c /nrJ JEO) 

t.:.. 256 , *7Jw't 6 ts:Jt-c t JJ , t_c '? O)m�7K1J: r=1 tr b 

n 6  s:. c JJ ·llJ l§J L t.:.. 0) -C (Fig. 3) ,  �Jfu vc .h t., ,  

-c t ,  -7c- O) J:.}�Jlt < (}) t O) V:::::. 4�7J(tjm7J : � t., ,  s:. c 

vi '.g � vc�1*� n 6 s:. t -c 2t> 6 .  

v ) Miers River 0) f P.fotE 0) iEt < vc:ttfr� L t.:.. 

��B O) it�¥,0 65M70 vi,l- 0)  j��:J}iJ , �r: f'J'T=i� 

tr t 0) -C 2t> 6 IJ : ,  Gypsum, Quartz, Feldspar 

tr �- JJ; Yf±fJi;tE L -C t, ,  6 .  

vi) Miers {%"_B O) JL.!J1e (65M2S) vi1* S E ,  re 
±-c , X JJ1HJ� vcvi Quartz , Feldspar ,l- O) {fil 

1J ,  �?c!. 256 G n 6 /J , ,  * fil�5t vi N�Ja s8s '.L� 0) t 0) -c 2t> 

"'> t.:.. . i t.:.. 65M50 0) � vc � i ;h 6 fine sand 

t s:. n c *� tr t., ,it� -c 2t> "'> t.:.. . 

mirabzlite on exposure to air 1t'¥=:JHJf ti Table 5 vc� L t.:.. 4 -fili K. ") t 

f1 tr "=> tc.: . Table 5 7J '  G 65M402 vi Ca, S04 , 

H20 'a::' :::t. c L t.:.. Vit c A, 2::'mitt�tr Gypsum (CaS04 °2H20) -c s:. nic t::ds/J ,O)  Na 'a::' flt L -C 

� !J , i t.:.. , 65M l00 1  vi Ca c C03 '1r ±.JJXi�r} c L , =t-=fO) Mg , Na , Fe  'a::'1!�ts Calcite 

( Ca CO J J: IJ tr --:> -C ;f-5 I) , i t.:.. , 65M506G� ifr-1 gr;')}) c 65M506 ( F3 ts*'-15K fil�5}) c vi b 

fJJ , O)/f�KJ�W'a::' '2i''ts t 0) 0) , -l-n�·n Mirabihte N a2S0 4 ° l OH20 ;t-5 J: '(f,l- 0) �7KW-C 2t> 

6 Thenard1te Na2 S04 -C 2t> "'> t.:.. . tr � ,  Thenard1te ve t  �f0) 7j( J}JJ , ,g i ;h t t., , 6 J:  5 

-c· 2t> 6 /J , ,  c hvii1h1ss7K -C· tr < �:J} t � x.. -C J: t., , -c 2t> 6 5 . 65M l00 1  l 65M506 c vi , JJ '  

ft. I) 0) M 0) �ziFYHit.J ;  {3 i ;tL -c \., \ 6 7J ; '  C ;h vi  C 0) [!fijti\f� l t iii n"l13¥.ftt.J \ C i 1.) '  \., \ f))*'-1 ;;f;Jjt -C 

2t> 6 0) -: , ,l- O) fri�t.J.  13',J tl -C , ffillHij)�O)/Ji;AW/J:  l '? o) vt G n  tr !J ,  "7 t.:.. t.:..256 l � x.. Gh 6 .  

:;}J't£-:tJf O)ii dlHi Table 6 vc�--t3m iJ -c , c n vc J: '? � t r=.JZls�t.:.. £$,5} lj:7} 0)  /5X. ::3· vc 
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Table 5 Chemical composition of  the evaporztes found in the Miers Valley. 

Sample No 65M402 

Ca wt % 23. 08 

Mg 0. 00 

Na o. 1 7  

K tr. 

Fe 0. 02 

Cl tr. 

S04 55. 26 

COs o. 1 5  

H20 20. 95 

Insol res. 0. 03 

Ca mol. rat10 1 .  00 

Mg 0. 00 

Na 0. 01 

K -
Fe 0. 00 

Cl -
S04 1 .  00 

COs 0. 04 

H20 2. 02 

65Ml00 1  

I 

32. 81  

0. 47 

I 
0. 64 

0. 20 

o. 75 

0. 04 

0. 00 

48. 85 

1 .  84 

1 2. 58 

1 .  00 

0. 02 

0. 03 

0. 00 

0. 02 

0. 00 

0. 00 

1 .  00 

0. 1 3  

I 

I 

I 

65M506 
crystal 

tr 

0. 00 

1 3. 38 

0. 00 

0. 00 

0. 06 

28. 89 

-

55. 44 

0. 2 1  

-

0. 00 

2. 00 

0. 00 

0. 00 

0. 00 

1 .  04 

-
10. 58 

Table 6. Qualitative analysis o f  the evaporites by spectrographic method 

Sample No. 65M402 

Na ± 

Ca + + +  

Mg + +  

Al ± 

S1 + 

Fe -

Mn -

B -

Sr + +  

N1 -
T1 -

Cu ± 
Ba -

CaF ± 

65M100 1  

+ 

+ + +  

+ + +  

+ +  

+ +  

+ 

+ 

± 
+ +  

± 
+ 

+ 

+ 

+ +  

65M506 
crystal 

+ + +  

+ 

± 

± 
-

-

-

-

-

-

-

-

-

-

65M506 
powder 

+ + +  

+ 

I 
T 

+ 

+ 

-

± 
-

± 
-

± 

± 
-

-

+ t- + ,  + + ,  + ,  ± , - , represent the intensity of' spec ti al lznes in the decreasing order. 

65M506 
powder 

tr 

0. 00 

26. 29 

tr 

0. 00 

0. 40 

55. 95 

-
9. 83 

9. 23 

-

0. 00 

2. 00 

-
0. 00 

0. 02 

1 .  02 

-
0. 96 

65M70 

+ +  

+ 

+ +  

+ +  

+ + +  

+ +  

+ 

+ 

+ 

+ 

+ 

+ 
-

-

1 1  



1 2  (21 20) C ITT�'.&f-t 

'"':) � ci0v-:f o c , 65M402 c 65M506 (*7};5K) VC vi S1 , Al , Mg � /� L 65M l00 1 , 65M70 

tci:: C.:'�1�5}0) 3:11, , �;:Ulvc vi S1 , Al , Fe , Mg, T1 ,  Mn tci:: C.:'::t=l n"r-p vc 3r <  "0 i h o 5c*iJ; 

il=t7'. L --n < 5 H:/J, , l:} vc , B, Cu tci:: 2:iJ�� i h, i t-=.ffiJ�--C vi CaF ,  Ba iJ ; ,  1&�--C vi N1 

n :!:J()t_) Ght-=. i t-=. ,  Sr vi 65M506 (*'5El3s) �� < � IJ O)i.i\;JGH , G vi l, ,--fh t �/1\ � hf-=- . 

65M506 C*a r:if=ls) O)�lHi Al , Mg O)*Jr;ffi��1; 1, , --c vi ,  vi c Iv C.:'�MUlmiJ��!t?.cti GJt tci::iJ , "::> t-=. 

ljJ:0)*0*� HU�O) §'.t.ttg;Jlj vc c I) i c ()1) o c Table 4 0) l :HCtJ: 0 .  -ttc1:b'b , % basmO) 

f:l:S tc1: -f:: v � Y M 1D l � ndge 0) peak O)J:vc:ffJl-t 0fJfl±\ !Jo/J0) 7Jt�;}vi Gypsum CaS04 ° 

2H20 -c ci0 I) , Jc 0) 1 g� vi Calcite CaC03 --C ci0 v::> k i t-=. ,  Miers i��O) r+1�vC -f: v � Y 

vc vi � i h --C�tH-t oflrl±\fgvi , J:�iJ� Thenardrte Na2 S04 , T�iJ� M1rab1hte Na2 S04 ° 

l OH20 --C' c1) 0 .:.  C n : f1J fl,fj L t-=. . 1ij}, vefi0):t1Ut4mvi7(lm:B-n� Quartz , Feldspar 1D l ��w 

n1i1£f 0) ;v-J:4m l IJ tJ: IJ , 7J(�!1l:J:Jc � �.f!vcf�'ts t 0) t ci0 "::> t-=. . 

::$:{iffJt:vi , :;¥:� OO �fr"f:Mtfl rn"�8tjgjjmi O) i&�O) t c :c frtc1:bh t-=. . :1]Jtl!�J�1tv=-� "::> --c * 

l;0 1:\'J;fiJJ1TI1J liUc1: G �vc;m1!I:s1z}il�O)iU1J � 1, , f_:f.:1, , f_: i t-=. �r 5'} --c vi New Zealand 0) 

Wcllmgton, V1ctona :i�'¥:,,J� i!Ef*J' O) � If; iJ , G II)J § � � vt , � G /'C , Wisconsin :k.'¥= 

THOMAS BERG rf±iJ, G ,  .:. O)ijtfJ4';gO)t111t#vC'"':) \, , --C O) 'li¥l1��x. Ght� 5}7t5}*Jf--C vi , 

J:lP*"f':1L�4'±¥0) m �-9c��c*1£{jil lit�t vc tc1: "'.) t� . i2 L --C�rJnO) ���-t o .  
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