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ABSTRACT 

The main purpose of t h i s s tudy was t o eva lua t e t h e minera logy , 

pe t ro logy and dehydra t ion c h a r a c t e r i s t i c s of t h e Salado S a l t nea r 

Car lsbad, New Mexico which i s a p o t e n t i a l r a d i o a c t i v e waste ( radwaste) 

r e p o s i t o r y . Bedded e v a p o r i t c d e p o s i t s were p r e v i o u s l y s e l e c t e d by t h e 

Nat ional Academy of Sc iences -Nat iona l Research Council because of t h e i r 

general lack of wa te r , s e l f - h e a l i n g p r o p e r t y when f r a c t u r e d , thermal 

c o n d u c t i v i t y and s topping power of high energy r a d i a t i o n . The Salado 

Sa l t was chosen us ing t h e s e g u i d e l i n e s . I t i s a bedded e v a p o r i t c 

sequence (about two-thousand f e e t t h i c k ) of l a t e Permian age loca ted 

in sou theas t e rn New Mexico.and west Texas. The Salado i s composed 

p r i m a r i l y of h a l i t e with l e s s e r amounts of a n h y d r i t e , p p l y h a l i t e and 

with a zone of economic potash minera l s (McNutt f c t a s h zone) . 

Severa l t echn iques were employed i n t h i s s tudy . X-ray d i f f r a c t i o n 

was used t o determine t h e bulk mineralogy and r e l a t i v e amount of each 

minera l . Thin s e c t i o n ana lyses were used t o s tudy t h e minera l 

assemblages, t e x t u r e s and p a r a g e n e s i s . Non-d i spers ive X-ray s p e c t r o -

scopy was used t o ana lyze the bromine con ten t of each sample, and t o 

give i n s i g h t i n t o t h e o r i g i n of t h e Sa lado . Samples from a p rev ious 

s tudy of t h e Hutchinson S a l t Member (lower Permian) of t h e Wel l ington 

Formation (near Lyons, Kansas) were a l s o analyzed f o r bromine i n o rde r 

t h a t a comparison could be made between two d e p o s i t s of Permian age . 

S t a t i c dehydra t ion t e s t s made of each sample t o e s t i m a t e t h e amount of 

water t h a t would be r e l e a s e d when s u b j e c t e d t o hea t of decaying 

i i i 



r ad ioac t ive waste were reported sepa ra t e ly in the Final Report f o r t h i s 

p r o j e c t (Kopp and Combs, 1975). 

Sample's were prepared f o r t h i n - s e c t i o n i n g by c u t t i n g a s lab from 

each core sec t ion and sending i t away t o be made us ing o i l during c u t t i n g 

and gr inding , r a t h e r than water . Also the epoxy ccmcnt was not heated . 

These s teps were necessary to prevent d i s s o l u t i o n and/or changes of the 

evapor i te minera l s . 

P re s sed -pe l l e t s were made f o r spec t roscopic ana lys i s of bromine, 

ch lo r ine , s u l f u r and i ron using c l e a r , cubic h a l i t e c r y s t a l s with a minimum 

of inc lus ions . This procedure was used t c be sure t h a t the bromine 

analyses were only f o r h a l i t e without d i l u t i o n or addi t ion of bromine 

from other minera ls . Bromine va lues determined f o r 73 samples of the 

Salado Sa l t ranged from 17 t o 50 ppm. Semiquant i ta t ive analyses f o r 

s u l f u r and ch lor ine were run to measure the amount of contamination by 

s u l f a t e s and to insure t h a t r e l a t i v e l y equal amounts of ch lo r ine were 

p r e sen t . Su l fu r contents were roughly l e s s than 10 ppm. 

The r e s u l t s of t h i s study show t h a t : (1) h a l i t e i s the dominant 

mineral in a l l but a few samples with anhydri te being next most abundant 

in t h e lower por t ions of the Salado Sa l t and p o l y h a l i t e being second 

most abundant in the upper p a r t of the u n i t , (2) t h i n sec t ion analyses 

reveal several shallow-water f e a t u r e s such as hopper c r y s t a l s , h a l i t e 

embedded in c lay and nodular anhydr i te , (3) p o l y h a l i t e commonly occurs 

as a secondary mineral a t t he expense of anhydr i t e , (4) both anhydr i t e 

and po lyha l i t e e x i s t in var ious h a b i t s and a s s o c i a t i o n s , (5) spec t roscopic 

analyses reveal low bromine concent ra t ions f o r t h e Salado (and t h e 
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Hutchinson S a l t , Lyons, Kansas), suggest ing t h a t both a re second 

generat ion d e p o s i t s , (6) dehydrat ion s tud ie s show the Salado t o lose 

0 . 0 t o 3 .5 percent water upon hea t ing to 102 ± 5°C. Most of the higher 

weight l o s ses (>0.5 percent) can be r e l a t e d to zones r i c h in c lays 

and/or p o l y h a l i t e . The Salado i s a p o t e n t i a l s i t e f o r a radwaste 

• repos i to ry i f c lay- and p o l y h a l i t e - r i c h zones .are avoided. 
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CHAPTER 1 

. INTRODUCTION • • 

Which was which he could never make out 
In s p i t e of h i s best endeavor 
Of t h a t there i s no poss ib l e doubt 
No probable, poss ib le shadow of doubt 
No poss ib le doubt whatever 

W. S. Gi lbe r t : The Gondoliers 

Purpose of Study 

With the g rea te r demand f o r energy to maintain and improve our 

present standard of l i v i n g , nuclear power may well become a more 

important source of energy f o r our modern s o c i e t y . However, along 

with t h i s e f f i c i e n t and economical means of power generat ion wi l l come 

problems associa ted with the d isposal of r ad ioac t ive waste (radwaste) 

produced. As more and more nuclear power p l a n t s r ep lace conventional 

power producers, g rea t e r amounts of both high and low-level radwaste 

wil l have to be handled and disposed of s a f e l y . Since i t takes many 

years f o r some r ad ioac t ive isotopes t o decay in to harmless daughter 

elements, a secure environment f o r waste disposal i s e s s e n t i a l . In 

1957 a committee of the National Academy of Sciences-National Research 

Council (NAS-NRC) concluded t h a t na tura l s a l t depos i t s would provide 

such a medium because of t h e i r general lack of water , , s e l f - h e a l i n g 

property when f r a c t u r e d , thermal conduct ivi ty and stopping power of 

high energy r ad i a t ion . - Subsequent reviews in 1961, 1966 and again in 

1970 by NAS supported the idea t h a t bedded s a l t depos i t s would be the 
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most promising t e r r e s t r i a l locat ion f o r the d isposal of radwaste. One 

of the recen t ly chosen s i t e s fo r a p o t e n t i a l radwaste r epos i to ry i s 

located appx'oximately 30 miles (45 km) eas t of Carlsbad, New Mexico 

(Figure 1). 

The primary purpose of t h i s study was to determine whether there 

are any water-bearing minerals present a t the proposed s i t e which might 

dehydrate when subjected to rad ioac t ive hea t ing , thereby producing a 

po ten t i a l source of hazardous f l u i d s at a l a t e r t ime. The i nves t i ga t i on 

was conductcd with the same general methods u s e d ' i n previous s tud ies on 

the Hutchinson Sa l t Member of the Wellington Formation near Lyons, 

Kansas ( F a l l i s , 1973; Kopp and F a l l i s , 1973). In addi t ion to determining 

the types and r e l a t i v e q u a n t i t i e s of minerals present at the New Mexico 

reposi tory s i t e , i t was thought tha t addi t iona l information might be 

gained by reexamining the samples from Lyons, Kansas and comparing the 

r e s u l t s of the data from the two l o c a l i t i e s . By r e l a t i n g minera logica l , 

pe t ro logica l and chemical information f o r both s i t e s , i t was hoped t h a t 

some ins ight might be gained concerning the depos i t ion of evapor i tcs in 

the southwestern United S ta tes during Permian t ime. 

F ina l ly , an attempt was made to e s t ab l i sh some r e l a t i o n s h i p between 

the mineralogical and pe t ro log ic c h a r a c t e r i s t i c s and the water loss on 

'heating tha t would enable f u t u r e inves t iga to r s to search more e f f i c i e n t l y 

fo r po t en t i a l disposal , hor izons . 

Development of Evaporite Sequences 

S u p e r f i c i a l l y , the formation of evapor i te sequences appears to be 

r a t h e r simple, however, in s p i t e of much research many ques t ions are 
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s t i l l unanswered. Brai tsch (1971) compiled an extensive t r e a t i s e on the 

geochemistry of evapor i tes . Some workers (Holscr, 1966; Valyashko, 1956; 

Kiihn, 1968; Nielsen, 1968) approached the sub jec t - by considering the 

geochemistry of s p e c i f i c t r ace elements. Other - researchers (such as 

Borchert and Muir, 1964) attempted to solve the problems of evapori te 

o r ig in by examining t h e i r d i s t r i b u t i o n , physicochemical c h a r a c t e r i s t i c s , 

metamorphism, e t c . S t i l l o ther workers have speculated on the more 

general aspects of evapor i te depos i t ion , such us Raup's (1970) i n v e s t i -

gat ion of brine-mixing and Briggs ' and Lucas' (1954) research in to the 

mechanics of Sal ina Sa l t depos i t ion in the Michigan bas in . 

Many anomalies e x i s t which do not f i t the models developed by these 

r e sea rche r s . A good example concerns the formation of p o l y h a l i t e . Based 

on geochemical parameters, p o l y h a l i t e should occur l a t e and make up 

l i t t l e of the e n t i r e evapor i te sequence. However, i t i s qui te abundant 

throughout the evapori te s u i t e in several depos i t s . Likewise, the order 

of mineral deposi t ion in the Zechstein Sa l t (Germany) i s r e a l i s t i c when 

compared with experimental data only i f one assumes a temperature of 

over 83°C. However, sediments and f o s s i l s adjacent to the s a l t show no 

such ind ica t ion of high temperatures (Krauskopf, 1967, p . 350). 
» » 

Evaporite depos i t s form in somewhat the same manner as t e r r igenous 

marine sedimentary depos i t s . Many bedded sequences (such as the S i l u r i a n 

s a l t of the Great Lakes region and the Permian s a l t of Kansas and 

Oklahoma) show primary sedimentary s t ruc tu r e s such as cross-bedding, mud 

cracks , shale b a l l s , polygonal p a t t e r n s and unconformit ies (Dellwig, 196S). 

However, unl ike normal c l a s t i c sediments, most of the mater ia l i s not 



d i r c c t l y depos i t ed from suspension to form an e v a p o r i t e d e p o s i t , but 

remains in s o l u t i o n as a p a r t of the s e a , w a t e r u n t i l f a v o r a b l e 

cond i t ions cause p r e c i p i t a t i o n . The major p rocess involved i s evapora-

t i o n and the p rocess appa ren t ly takes p l a c e b e s t in a r e s t r i c t e d b a s i n 

which i s o l a t e s a body of water from the open s e a . In an a r i d r e g i o n , 

evaporat ion may procecd f a s t e r than a d d i t i o n a l wa te r , with i t s normal 

c o n s t i t u e n t s (Table I ) , can e n t e r the b a s i n . The r e s i d u a l b r i n e becomes 

more concent ra ted as the s o l u b l e , but n o n v o l a t i l e , ions a re l e f t beh ind . 

When enough water has been removed from t h e b a s i n , t h e b r i n e s become 

concent ra ted to the p o i n t t h a t p r e c i p i t a t i o n w i l l occu r . Depending 

upon the degree of concen t ra t ion and to a l e s s e r ex t en t upon t h e 

t empera tu re , c e r t a i n minera l s w i l l form. In a normal p r o g r e s s i o n t h e 

carbonate minera ls ( c a l c i t e , dolomite , magnesi te and in some exposed 

s a l t f l a t s , a r a g o n i t e ) s t a r t t o p r e c i p i t a t e f i r s t , then CaSO^ (as 

e i t h e r gypsum o r a n h y d r i t e ) , followed by NaCl. 

TABLE I 

IONS DISSOLVED IN SEA WATER 

P a r t s Percen t of 
Ion Per Mi l l i on Tota l S a l t 

C 1 I 18,980 55.05 
Na 10,556 30.61 
SO4" 2 , 6 4 9 - 7 .68 
Mg;+ 1,272 3.69 
Ca 400 • • 1.16 
K 380 1.10 
HCO3 140 0 .41 • 
Br 65 0 .19 
H BO4- 26 0 .07 

8 0 .03 

Source: A f t e r Krauskopf (1967). 



In foany evapo r i t e scquenccs the s c r i e s ends with the format ion of 

h a l i t e , o r cond i t i ons a re such t h a t minera ls 'more so lub le than h a l i t e 

a re not p rese rved . When -evaporation proceeds well pas t t he po in t of 

concen t ra t ion necessary f o r the depos i t i on of h a l i t e , more " e x o t i c " 
4* + + 

minerals (K and Mg s a l t s ) begin to form. H i s t o r i c a l l y , t h e i n v e s t i -

ga t ion of evapo r i t e s began when an I t a l i a n chemis t , U s i g l i o , allowed sea 

water to evaporate a t 40°C and observed the sequence o.f compounds 

formed (Table I I ) . In t h i s way he g e n e r a l l y dup l i ca t ed t h e mineral 

sequence found in the s a l t depos i t s a t S t a s s f u r t , Germany. The 

mineral s u i t e s of evapo r i t e d e p o s i t s , however, a r e f a r from simple . 

Brine-mixing, v a r i a b l e c l i m a t i c changes and the add i t ion of t e r r i g e n o u s 

ma t t e r , a l l produce d i f f e r e n t primary mineral assemblages and t e x t u r a l 

f e a t u r e s . Once the depos i t has formed, d i a g e n e t i c changes occur aided 

by the movement of s o l u t i o n s ancl mineral phase t r a n s f o r m a t i o n . 

P e t r o l o g i s t s s tudying evapor i te^ o f t e n r e f e r t o these changes as 

"metamorphism." Since the temperature of t r an fo rma t ion i s r a t h e r low, 

i t becomes a mat te r of ind iv idua l p r e f e r ence whether "mctamorphism" 

or "d iagenes i s " i s the more s u i t a b l e term (Krausl.opf, 1967, p . 348). 

Several elements con t ro l the phys ica l c h a r a c t e r i s t i c s (shape , 

a e r i a l ex ten t and th i ckness ) of an evapor i t e d e p o s i t . The form i s 

con t ro l l ed by the p a r t i c u l a r shape of the bas in in which the s a l t i s 

deposi ted, and most have a roughly c i r c u l a r c o n f i g u r a t i o n . The c l imate 

d i r e c t l y a f f e c t s the r a t e of p r e c i p i t a t i o n as does the amount of sea 

water inflow which provides the needed m a t e r i a l s . When speaking of 

shallow-water evapor i t e d e p o s i t i o n , c r u s t a l subsidence i s assumed to 

make space a v a i l a b l e f o r cont inu ing s a l t accumulat ion. 



TABLE I I 

USIGLIO'S EXPERIMENT SHOWING THE ORDER OF PRECIPITATION 
OF SALTS (IN GRAMS) FROM 1 LITER 

OF SEAWATER AT 40°C 

Volume Fe 20 3 CaCOj CaS04 NaCl MgS04 MgCl2 NaBr KC1 

1.000 
0.533 0.0030 0.0642 
0.316 t r a c e 
0.245 t r a c e 
0.190 
0.1445 
0.131 
0.112 
0.095 
0.064 
0.039 
0.0302 
0.023 
0.0162" 

0 . 0530 0.5600 
0.5620 
0.1840 
0.1600 
0.0508 
0.1476 
0.0700 
0.0144 

3.2614 
9.6500 
7.8960 
2.6240 
2.2720 
1.4040 

0.0040 
0.0130 
0.0262 
0.0174 
0.0254 
0.5382 

0.0078 
0.0356 
0.0434 
0.0150 
0.0240 
0.0274 

0.0728 
0.0358 
0.0518 
0.0620 

Total 0.0030 0 . 1172 1.7488 27.1074 0.6242 0.1532 0.224 

s a l t s 
in l a s t 
b i t t e r n - 2.5885 1.8545 3.164 0.330 0.534 

t o t a l 
sol ids - 0.0030 0. 1172 1.7488 29.6959 2.4787 3.3172 0.5524 ' f . 5 3 4 

Source: A f t e r Clarke (1924). 



One'of the major c o n t r o v e r s i e s - i n geology today concerns the n a t u r e 

of the environment dur ing t h e format ion of most anc ien t e v a p o r i t e 

d e p o s i t s . Were they shal low-water b a s i n s o r deep-water bas ins? 

The shal low-water proponents use t h e - p r e s e n t day examples of Baja , 

C a l i f o r n i a and the Pers ian Gulf to support t h e i r i d e a s . Kinsman (1969) 

r epor ted t h a t sabkhas (exposed s u p r a t i d a l s a l t f l a t s ) could develop over 

an a rea 100-200 km wide in a r e l a t i v e l y sho r t t ime (10^ yea r s ) with a 

s h o r e l i n e r e g r e s s i o n of 1 -2 meters per y e a r . • Proponents of deep-water 

hypotheses r e j e c t t h e idea t h a t major e v a p o r i t e d e p o s i t s formed in t h i s 

manner becausc an a r i d - c l i m a t e would n e e d ' t o be cont inuous f o r long 

per iods of t ime; Even minor-c l imat ic -changes o r i n f l u x e s of f r e s h water 

could r e d i s s o l v e t h e s a l t - a n d d e s t r o y - p a r t of the depos i t the reby making 

the accumulation of seve ra l thousand f e e t of - evapor i t e s u n l i k e l y . Also, 

s ince t h e r a t e of s a l t depos i t i on was es t imated t o have been as much as 

15 cm per year in sojpe areas-(Sclimalz, 1969) t h e r a t e of c r u s t a l 

subsidence would be u n r e a l i s t i c . 

The deep-water t h e o r i s t s (S los s , 1969) propose the concept of 

s t r a t i f i c a t i o n of b r i n e s of d i f f e r e n t d e n s i t i e s . - Evaporat ion would occur 

a t t h e su r f ace of a body of water thereby concen t ra t ing the s a l t s in the 

uppermost l a y e r , producing a b r ine o f"h igher d e n s i t y than the r e s t of the 

wate r . The b r i n e would then sink t o t h e bottom. The p rocess would 

cont inue u n t i l only a t h i n l a y e r of ave rage -dens i ty water ex i s t ed a t t h e 

s u r f a c e which would be maintained by t h e in f low of s e a ' w a t e r . With t h i s 

p r o t e c t i v e l aye r c l i m a t i c changes and minor i n f l u x e s o f -wa te r would not 

a f f e c t t h e concent ra ted b r i n e a t dep th . Subsequent exposure of t h e lower 
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br ine pe r iod i ca l l y by wind or wave ac t ion pushing the normal-densi ty 

layer to one s ide of the bas in could concentra te the lower l ayers t o the 

point of p r e c i p i t a t i o n . 

Salado Sa l t 

The formation of main i n t e r e s t in t h i s study i s the Salado Sa l t of 

the Ochoan Ser ies of l a t e Permian age. I t i s located in and surrounding 

the Delaware basin which occupies a por t ion of southeastern New Mexico 

and west Texas (Figure 1, page 3 ) . The Ochoan s e r i e s c o n s i s t s of t h r e e 

formations; the C a s t i l e , the Salado and the Rus t le r (Figure 2 ) . The 

Salado i s divided in to three members. The upper and lower members are 

r e l a t i v e l y f r e e from potash minerals and a re 100 to 450 f e e t th ick and 

1000 to 1150 f e e t t h i c k , r e s p e c t i v e l y . The middle member which i s known 

as the McNutt Potash zone (about 370 f e e t t h i ck ) i s an important potash 

deposit which has been mined s ince the 1930 's . One of the i n t e r e s t s of 

others working on t h i s p r o j e c t i s t h a t the loca t ion of a radwaste 

repos i to ry in t h i s v i c i n i t y should not r e s t r i c t t he e x p l o i t a t i o n of 

any economic minerals . 

The area was chosen as a p o t e n t i a l r e p o s i t o r y s i t e f o r severa l 

reasons: (1) the populat ion in t h i s area i s very sparse (from 10 to 25 

person per square mi le , u sua l ly in small pocke t s ) , (2) t he ' cons t ruc t i on 

of a repos i to ry probably w i l l not be hindered by or r e s t r i c t r e s i d e n t i a l 

growth, (3) the l i t h o l o g i c charac te r of the rocks i s such t h a t the 

in te rg ranu la r po ros i ty and permeabi l i ty ranges from low to none, and 

(4) t ec ton ic a c t i v i t y of t h i s a rea has been n e g l i g i b l e and only two 

minor post-Permian f a u l t s a re evident in the Delaware basin 

(Clairborne and Gera, 1974, p . 41) . 

t 
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According to Ad.ns and Pr ienic l (1950), the deposi t ional h istory of 

the Ochoan evapor i te sequence began when ep icont inen ta l seas covered wide 

areas of the western and southwestern United S ta t e s and northern Moxico 

in the ear ly par t of the Permian per iod . The area became an ac t ive 

geosyncline with subsidence so rapid t h a t the only shallow-water depos i t s 

were organic r e e f s and narrow zones of biostromal l imestones on the 

edge of mountain chains and sea mounts. These e a r l y r ee f s t r u c t u r e s 

did not grow f a s t enough to keep up with the r a t e of submergence and 

eventual ly died ou t . Later in the per iod , condi t ions were favorable 

f o r organic growth along the more shallow she l f margins and the 

Capitan reef began t o develop. This ree f formed a r e s t r i c t i n g wall 

almost completely around the Delaware basin with only one opening to 

t h e sea which was .the She f f i e ld Channel t o the southwest. During 

Permian time t h i s r e s t r i c t e d bas in , with a depth of approximately 1900 

f e e t , proved to be an e f f i c i e n t locat ion f o r evapor i t e formation. The 

basin eventual ly became f i l l e d with f i n e l y laminated anhydr i te , c a l c i t e , 

h a l i t e and dark organics of the underlying C a s t i l e Formation of l a t e 

Permian age. Evaporite p r e c i p i t a t i o n continued and the Salado was 

deposited over t h e C a s t i l e , northward and eastward over an area of 

g r ea t e r extent than j u s t the s t r u c t u r a l o u t l i n e of t h e bas in . During 

t h e period of wider depos i t ion , potassium-bearing s a l t s were depos i ted 

over much of southeas te rn New Mexico and p a r t s of Texas. 

Hutchinson Sa l t Member of the Wellington Formation 

The Hutchinson Sa l t Member of the Wellington Formation was s tud ied 

previously ( F a l l i s , 1973; Kopp and F a l l i s , 1973) and i s used here f o r 



comparison purposes wi th t h e Salado S a l t . I t i s p r e sen t in c e n t r a l 

Kansas (Figure 3 ) , western Oklahoma and p a r t of t h e Texas panhandle. 

The Hutchinson of e a r l y Permian age (Figure 2, page 10) w.as depos i t ed 

a t t h e edge of t h e Permian ba s in and c o n s i s t s of c a rbona t e s , gypsum, 

a n h y d r i t e , h a l i t e and va r ious c l a s t i c s . The younger p a r t of t h e 

Well ington i s mos t ly dark gray sha l e and t h e o lde r p a r t c o n s i s t s of 

a n h y d r i t e and gray s h a l e in te rbedded with dolomi te . A d e t a i l e d 

mine ra log i ca l examinat ion of core samples from t h e Hutchinson S a l t was 

made by F a l l i s (1973). 
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l.xri.KlMl.STAI. METHODS 

Sample CoU^v1 ijvn 

Eighty-throe (coded by the core number and depth) from 

two 4 inch (10.2 c=j r i 11 cores were provided by the U.S. Atomic Energy 

Commission (IHJW. pari u'. '.he Utterly Research and Development Agency, ERDA). 

The samples, wrapped in ;>last ic,were received l a t e in 1974. One-half of 

each core was sent by tho U.S.O.S. to Dr. Richard Beane, Department of 

Geosciences, New Mexico I n s t i t u t e of Mining and Technology, Socorro, 

New Mexico, for determination of t h e i r chemical compositions, water 

loss by thcrniogravirccn-y and normative ana ly s i s . Samples were se lec ted 

t o give maximum cover;i>;e in three p r i o r i t y zones which ERDA had 

designated as the most l ike ly depths for the radwaste r e p o s i t o r y . In 

the nonprior i ty zones, samples were provided a t i n t e r v a l s of approxi-

mately 40 to 60 f e e t . An attempt was made to s e l e c t samples which 

contain some clay or other hydrous minerals in otherwise h a l i t e - r i c h 

rock. AEC #7 was d r i l l e d in Lea County, New Mexico 2040' (621.8 m) from 

t h e nor th l ine and 20<}0' (621.8 m) from the eas t l i n e in Section 31 of 

Township 21-S and 32-E of the U.S.G.S, Hat Mesa quadrangle map. AEC #8 

was d r i l l e d in Eddy County, New Mexico, 937' (285.6m) from the nor th 

l ine and 1980' (603.5 m) from the west l i ne in Sect ion 11 of Township 

22-S and Range 31-E of the Nash Draw quadrangle. 

1 4 
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Sample Preparat ion 

Since several methods of ana lys i s ( including-X-ray d i f f r a c t i o n and 

spectroscopy, pet rographic ana lys i s and water loss determinat ions) were 

to be performed the samples received had t o be s p l i t i n to several p a r t s . 

Due to the d e s t r u c t i v e nature of the sample p repa ra t i on , the fol lowing 

procedures were used in making the samples f o r t e s t i n g . 

Samples to be th in -sec t ioned were prepared by cu t t i ng an approximate 

8 cm * 4 cm x 1 cm-sl ice from a r ep re sen t a t i ve segment of each corc us ing 

a power saw with a dry, masonry-asbestos b lade . The r e s u l t i n g s l i c e s 

were sent to Fred Roberts (Petrographic Section Service) of Monterey 

Park, C a l i f o r n i a , who prepared the 4 .8 x 7.2 cm (2 x 3 in) t h i n s e c t i o n s . 

The th in sec t ions were cut and ground without using any water and the 

epoxy cement was not heated ( to avoid causing any mineralogical changes 

in any hydrous minerals which might be p r e s e n t ) . Because of the 

cleavable nature of s a l t , some d i f f i c u l t y was encountered in the 

prel iminary cu t t i ng of the s l i c e s which sometimes s h a t t e r e d . However, 

a l a rge enough s lab of each core segment was obtained to make an 

adequate 2" x 3» t h in sec t ion . 

A port ion of each core ad jaccnt to tha t cut f o r t h in - s ec t i on ing 

was preserved i n t a c t fo r macroscopic observat ion and f o r making an 

addi t iona l t h in sec t ion i f needed. • The remaining mate r ia l from cach 

core segment was passed through a rock crusher (which vas cleaned a f t e r 

each core segment) and broken in to 5 t o 10 mm fragments which were 

s p l i t u n t i l a r e p r e s e n t a t i v e por t ion of s u f f i c i e n t quan t i ty remained to 

prepare f o r a n a l y s i s . One p a r t of each por t ion was f u r t h e r crushed 

t 



using a porcelain mortar and p e s t l e u n t i l approximately 5 grams could 

be sieved through the #60 but not #120 s ize mesh. Tho 060 to #120 s i z e 

mesh material was bo t t l ed and used in the dehydration s t u d i e s . Tho 

r e s t of the port ion was again divided several ' times using a micro-

s p l i t t e r and the f i n a l s p l i t (about 10 grams) was completely crushed to 

pass a #325 s ize s ieve . Pressed p e l l e t s were, made by f i l l i n g an aluminum 

cup (3 cm in diameter and 8 mm deep) approximately two- th i rds f u l l and 

placing the cup and i t s contents under 5000 p s i pressure f o r 5 minutes. 

Pressed p e l l e t s were previously found to provide more uniform r e s u l t s 

and reproduceablc pa t t e rns than hand packed mounts (Hidalgo and Ronton, 

1970). The pressed p e l l e t s could be stored and the same sur face X-rayed 

again . 

X-Ray Methods 

X-ray d i f f r a c t i o n analyses were performed by using a Norelco X-ray 

DiffractoKieter. The operat ing conditions are described in Appendix B. 

Preliminary mineral i d e n t i f i c a t i o n was f a c i l i t a t e d by using a mylar 

overlay with the prominent peaks for h a l i t e , p o l y h a l i t e , anhydri te and 

gypsum marked a t the 20 pos i t ions given by the J o i n t Committee on 

Powder D i f f r ac t i on Standards. Many pa t t e rns were double-checked by 

overlaying known pat te rns with a sample pa t t e rn on a l i gh t t a b l e . 

X-ray spectroscopy (f luorescence) was used to determine the bromine 
i , 

content of each sample. To avoid s i g n i f i c a n t contamination by any 

s u l f a t e minerals (which may a l t e r tho bromine content ) new pressed 

p e l l e t s were made for cach sample. Clear , cubic h a l i t e c r y s t a l s with 
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a,minimum of v i s i b l e inc lus ions of any other mater ia l were crushed and 

sieved t o pass a #60 s ize mesh. The crushed s a l t was quartered and a 

r ep resen ta t ive sample was made in to a pressed p e l l e t us ing the same 

techniques as with the samples prepared fo r X-ray d i f f r a c t i o n . 

Preliminary analyses were made using a Norelco Universal Vacuum 

X-ray Spectrograph to determine the r e l a t i v e p u r i t y of the samples and 

to determine the r e l a t i v e bromine content of the samples in order t ha t 

th ree could be chosen to be used as s tandards i n - l a t e r , more p rec i se 

analyses . In order to determine the p u r i t y of the samples, reagent-

grade sodium chlor ide (which contained a reported O.OOOS percent (5 ppmj 

s u l f a t e determined by wet chemical a n a l y s i s ) . This i s equivalent to 

about 3 ppm s u l f u r by molecular weight which the spectrograph would 

d e t e c t . The samples were run f o r s u l f u r on the Norelco Vacuum X-ray 

Spectrograph under the fol lowing condi t ions : 

Source: Tungsten anode Crys t a l : PET 
Kilov'olts: 35 Sample chamber: vacuum .10 microns 
Milliamps: 25 Energy de tec ted : S K<xl 

Detector : flow porpor t ional Recorder 
Ki lovol t s : 1.618 Time cons tan t : 1 second 
Gas: P-10 PHA. 
Flow: 0.25 scfm Basel ine: 200 
Pos i t ion : 75.85°20 Window: 350 

Approximately one out of every t h r e e samples were checked f o r s u l f u r and 

the comparison between the standard (approximately 50 cps) and the 

samples ( a l l l e ss than 150 cps) showed no la rge amount of s u l f u r which 

might b i a s the r e s u l t s . 

Based on the r e l a t i v e bromine con ten t s , t h r ee samples were 

selected with "high" (137 cps ) , "medium" (87 cps) and "low" (31 cps) 
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bromine values and sent t o the Oak Ridge National Laboratory, Oak Ridge, 

Tennessee for p r ec i s e determinat ion of t h e i r bromine conten ts . These 

samples were used as s tandards in the f i n a l ana lyses . Mr. J . Car te r of 

the Analyt ical Chemistry Division performed the analyses using an 

i s o t o p e - d i l u t i o n , mass spectrometry technique. The values obtained a re 

shown in Table I I I . 

TABLE I I I 

ISOTOPE-DILUTION MASS SPECTROMETRY ANALYSES 
FOR SELECTING STANDARDS 

Relat ive Bromine Duplicate Run Estimated Content 
Contents Values-ppm ppm ± 20% 

"low" 18, 21 20 
"medium" 25, 33 30 
"high" 40, 60 50 

The f i n a l bromine ana lyses , repor ted and discussed in Chapter IV, 

were performed using an ORTEC 6110 TEFA ( tube-exci ted f luorescence 

analyzer) Spectrograph. A desc r ip t i on of the instrument and the 

ana ly t i ca l procedure i s given in Appendix A. 

Dehydration Studies 

Dehydration s tud ie s were performed on r e p r e s e n t a t i v e samples from 

each core sample by Dr. 0. C. Kopp, Department of Geological Sciences , 

Universi ty of Tennessee, Knoxville, t o determine the water losses of 

these samples when subjected t o heat (as might occur when r a d i o a c t i v e 



waste c a n i s t e r s a r e -bu r i ed in s a l t b e d s ) . Samples of the #60-120 s i z e 

mater ia l (approximately l . S t o 2 grams) were weighed, heated a t tempera-

tu re s ranging from 100° to 300°C f o r pe r iods from 2 days .to 6 weeks and 

weighed again t o determine t h e amount of water l o s t . The procedures 

used were e s s e n t i a l l y the same as f o r the dehydra t ion s t u d i e s conducted 

on the Hutchinson Sa l t Member of t h e Wellington Formation near Lyons, 

Kansas (Kopp and F a l l i s , 1973). D e t a i l s of the w a t e r - l o s s ana lyses 

f o r t h e Salado Sa l t were presen ted in the F ina l R e p o r t . f o r t h i s s tudy 

(Kopp and Combs, 1975). 



CHAPTER I I I 

MINERALOGY AND PETROLOGY 

In t roduc t ion 

The l i t h o l o g y of d r i l l cores AEC #7 and If8 i s shown in Figure 4 . 

The major minera l s p re sen t in the samples taken f o r t h i s s tudy from 

the cores inc lude h a l i t e , a n h y d r i t e , p o l y h a l i t e and c lays and s i l t - s i z e d 

minerals (qua r t z , f e l d s p a r s and magnes i t e ) . In a d d i t i o n , s eve ra l minor 

and/or t r a c e minera ls such as s y l v i t e , c a r n a l l i t e , c e l e s t i t e , g l aucon i t e 

and poss ib ly k a i n i t e were d e t e c t e d . S c h a l l e r and Henderson (1932) in 

an e a r l i e r s tudy of 41 p r i v a t e and government cores from t h e potash 

d i s t r i c t of New Mexico and v/est Texas a l so observed a l a r g e number of 

r a r e evapor i t e minera ls inc lud ing b l o e d i t c , c a r n a l l i t e , epsomite , 

g l a u b e r i t e , k a i n i t s , k i e s e r i t e , l a n g b e i n i t e , l e o n i t e and l u e n e b u r g i t e . 

Perhaps the reason why many of t h e l e s s common minera l s were not 

observed in t h i s study i s t h a t t he samples were chosen from the cores 

" to avoid obvious nonsa l t (potash) fo rmat ions" (McClain, Lomenick and 

Lowrie, 1975, p . 7 ) . Anhydrite was second i n abundance below 2427* 

(739.7 m) in AEC #8 and 2702' (823.6 m) i n AEC #7 and made up a l a rge 

po r t ion of the s e c t i o n s above t he se dep ths . P o l y h a l i t e i s very common 

and next in. abundance a f t e r h a l i t e and a n h y d r i t e . Clays , q u a r t z , 

f e l d s p a r s and what was probably magnesi te were o f t e n ' s e e n t o g e t h e r . 

Sy lv i t e was observed in a few t h i n s e c t i o n s but made up a small p a r t 

of the t o t a l mineralogy. The remaining t r a c e minera l s were i n such 

20 
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l imi ted amounts and/or small gra in s i z e t h a t p o s i t i v e i d e n t i f i c a t i o n was 

not always p o s s i b l e . The mineralogy of both core samples by X-ray 

d i f f r a c t i o n a n a l y s i s i s given in Appendix B and the d e s c r i p t i o n s of the 

t h i n s e c t i o n s a r e given in Appendix C. 

Mineralogy and Pet ro logy of t h e Salado S a l t 

H a l i t e . H a l i t e (NaCI) c o n s t i t u t e s t h e major mineral in most of t h e 

t h i n s e c t i o n s . Genera l ly , h a l i t e appears in the form of c o l o r l e s s c r y s t a l s 

ranging in s i z e from l e s s than 1 mm to well over 3 cm with d i s t i n c t g r a in 

boundar ies . H a l i t e c r y s t a l s possess numerous t o r a r e i n c l u s i o n s 

(depending upon the i nd iv idua l c r y s t a l ) which o f t e n t ake the shape of 

nega t ive cubic c a v i t i e s , some of which con ta in s o l i d , l i q u i d and /or 

vapor phases . Other c a v i t i e s conta in da rk , p e t r o l i f e r o u s m a t e r i a l . 

The s p a t i a l arrangement of the i n c l u s i o n s i s i n t e r e s t i n g . While 

most a re s c a t t e r e d more or l e s s randomly through the h a l i t e , many 

inc lu s ions a re o f t e n a l igned along g ra in boundaries and d i s t i n c t l y o u t l i n e 

ind iv idua l c r y s t a l s . S t i l l o the r i n c l u s i o n s a re a l igned p a r a l l e l t o cube 

f aces and i n t e r s e c t a t r i g h t angles ( P l a t e 1) . (All p l a t e s a r e in 

Appendix D.) Such f e a t u r e s a r e c a l l e d "hopper c r y s t a l s " which are formed 

when cubic h a l i t e c r y s t a l s p r e c i p i t a t e from sodium c h l o r i d e s a t u r a t e d 

seawater (Figure 5, #1) and slowly s ink s ince they a r e of h i g h e r d e n s i t y 

than the b r i n e . As the c r y s t a l s s ink beneath t h e s u r f a c e , growth occurs 

along the l a t e r a l s i d e s of t h e cubes which a re he ld a t t h e w a t e r - a i r 

i n t e r a c e by s u r f a c e t ens ion (Figure 5, tt2 and "3) . As growth and s ink ing 

of the c r y s t a l c o n t i n u e , an inve r t ed pyramid with a hol low c e n t e r develops 
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and f i n a l l y .!r»rs •..» Mito-i / f i f i i r c 5, *•!). The presence of hoppers 

is thought to inJic.t!c .;iti*t ;in»! presumably r e l a t i v e l y shallow water since 

the procc«.< of huppcr crvMal formation and preserva t ion i s so d e l i c a t e . 

I t would bi'i'i* unl ikely that numerous well preserved hoppers would be 

deposited in a deep water bas in . Depths of several hundred f e e t or l e s s 

are thought by t h i s author to be r.ore conducive to the p rese rva t ion of 

hopper c r y s t a l s . In the thin sec t ions of the Salado S a l t , hopper 

c r y s t a l s are observed in about half of the samples. 

Fractur ing, f rom minor to severe, i s evident in most of the 

ha l i t e -bea r ing s l i d e s from the Salado. Several f a c t o r s may be respons ib le 

f o r such f e a t u r e s . In s i t u deformation r e s u l t i n g from regional or local 

deformation may be one cause of f r a c t u r e s . However, post-Permian 

tec ton ics are thought to be mild in t h i s region (Claiborne and Gero, 

1974, .p. 41) and would not account for the in tense f r a c t u r i n g exhib i ted 

in some of the th in sec t ions . A more logica l explanat ion f o r many of 

t h e . f r a c t u r e s would involve expansion of h a l i t e upon the r e l e a s e of 

confining pressures when cored and brought to the s u r f a c e . Also, the 

preparat ion of the th in sec t ions undoubtedly caused some of the f r a c t u r e s 

since they a re e spec i a l l y evident at the edges of the thin s e c t i o n s . 

However, some f r a c t u r e s must have been present p r io r to cor ing because 

they contain trapped l iquid and/or so l id phases. 

The h a l i t e in the Salado t h i n sec t ions i s made up of subhedral to 

near ly cuhcdral c r y s t a l s usua l ly with d i s t i n c t gra in boundaries marked 

o f f by inc lus ions and/or p e t r o l i f e r o u s seams. Between c ro s sed -n i co l s 

h a l i t e i s i so t rop i c which allows exce l l en t viewing of the a n i s o t r o p i c 
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minerals p resen t . When i n i t i a l l y depos i ted , t h e h a l i t e was probably very 

porous and permeable allowing l a t e r so lu t ions to move f r e e l y between the 

c r y s t a l s . However, as more overburden pressure was applied the h a l i t e 

was compressed in to a more s o l i d mass, new minerals could form only along 

grain boundaries. Patches ( regular to i r r e g u l a r , equidimensional a reas) 

"• and s t r i nge r s (usual ly i r r e g u l a r , elongated a reas ) of clay and s i l t - s i z e d 

mater ia l were a l so o f t en trapped between the g ra ins (Pla te 2) . Even in 

the compacted s t a t e so lu t ions were not t o t a l l y r e s t r i c t e d from passing 

through the h a l i t e ( e spec i a l l y along gra in boundaries and f r a c t u r e s ) and 

a l t e r i n g the primary minera l s . Clay patches seem to have boen areas of 

such a c t i v i t y because of the assoc ia t ion between clays and severa l 

minerals . Coarse, i so la t ed c r y s t a l s o f anhydr i te and/or p o l y h a l i t e 

appear within h a l i t e c r y s t a l s or appear to be growing from the gra in 

boundaries in to h a l i t e c r y s t a l s . These minerals probably formed r a t h e r 

l a t e and replaced p a r t of the h a l i t e . 

Anhydrite. Anhydrite (CaSO^) i s the major s u l f a t e mineral in t h e 

cores and comprises an appreciable amount of the core in the lower p a r t 

of the sect ion s tud ied . I t i s a b i a x i a l mineral which exh ib i t s var ious 

h a b i t s . I t occurs in f i b r o u s , pr ismat ic and t a b u l a r c r y s t a l s and i s 

o f t en twinned or l amel la r . Opt ica l ly , i t i s d i s t ingu i shed from poly-

h a l i t e b> -ttveral p rope r t i e s as shown in Table IV. 
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TAB ML IV 

PROI'RRTU.S OF ,\SUY!'RITF. AND POI.YIIAI.ITH 

Proper t ies Anhvdritc Po lyha l i t e 

c r y s t a l system 
r e l i e f 
b i r e f r igence colors 
sign 
ex t inc t ion 
cleavage 

or thorhombic 
(•) mod., va r ies 
3* green 
(•) 
p a r a l l e l , symmetrical 
o f ten r igh t angles 

oblique 

t r i c l i n i c 
(+) low 
2" blue 
C-) 

Anhydrite i s chemically equivalent to gypsum (minus water) and 

o f t en occurs as a secondary mineral a f t e r gypsum. I t i s a l so deposited 

as a primary mineral by the evaporation of seawater a t temperatures 

above 42°C or a t lower temperatures with increased s a l i n i t y (Mason and 

Berry, 1968, p. 364). 

Anhydrite appears in several habi t s and a s s o c i a t i o n s . A f i n e -

grained, f ibrous va r i e ty occurs in large patches s imi l a r to p o l y h a l i t e . 

Dist inguishing between the two in t h i s hab i t i s very d i f f i c u l t . These 

patches of anhydri te are not associated with f r a c t u r e s , c lay patches or 

grain boundaries and probably can be considered as primary anhydr i te . 

This f ine-gra ined anhydr i te o f t e n occurs in nodular masses and i s thought 

to have been deposited in shallow water . This i s more apparent in the 

samples from g rea t e r depths, t y p i c a l l y below 2500 f e e t (762 m). Another 

fonn, subhedral to euhedral anhydr i te i n p r i smat ic or a c i cu l a r c r y s t a l s 

(sometimes twinned) can be observed along f r a c t u r e s , in g r a i n boundaries 
r 

% I 
and wi th in h a l i t e c r y s t a l s . These c r y s t a l s sometimes occur in a 



s p h e r u l i t i e shape ( s t a r b u r s t ) . The o r i g i n of these c r y s t a l s i s not 

c e r t a i n . Those in f r a c t u r e s o r in g ra in boundaries might be secondary 

but s imi lar c r y s t a l s occur within la rge h a l i t e gra ins ind ica t ing a 

replacement o r i g i n . Anhydrite a l so occurs in l a r g e , c!Jross-twinned 

c r y s t a l s as d i s t i n c t pseudomorphs a f t e r "swallow-tail ," gypsum. These 
1 * 

a re d e f i n i t e l y of secondary o r i g i n . 

Replacement of anhydri te by p o l y h a l i t e i s common. This a l t e r a t i o n 

and assoc ia t ion wi l l be discussed under the sec t ion on p o l y h a l i t e . 

Bedded anhydri te occurs and can be recognized even in t h i n sec t ions 

[AEC #8: 1652' (503.5 ni), and 2563' (781.2 m) ] . 

Po lyha l i t e . Po lyha l i t e [K2MgCa2(S04)4*2H20] i s - t h e most common 

potash mineral observed in the cores examined and occurs in severa l 

hab i t s and a s s o c i a t i o n s . Op t i ca l l y , i t i s a b i a x i a l mineral with 

general ly low b i r e f r i ngence (1° pa le yel low). Thicker sec t ions may 

show some.2° b l u e . 

According t o Brai tsch (1971), p o l y h a l i t e can occur in h a b i t s from 

tabu la r to pr i smat ic or f i b r o u s , and i s always twinned. In the Salado 

Sa l t i t i s t y p i c a l l y very f i n e - g r a i n e d , almost to the po in t where 

individual g ra ins a re microscopica l ly i n d i s t i n g u i s h a b l e . The f i n e -

grained, massive v a r i e t y i s u sua l ly found in pa tches , between gra in 

boundaries,- f i l l i n g f r a c t u r e s (P l a t e 2) in the shape of s t r i n g e r s and 

poss ib ly deformed by fiowage (P l a t e 3 ) . In some t h i n sec t ions [such 

as AEC #8: 16521 (503.5 m)] massive, f ine -g ra ined p o l y h a l i t e i s the 

dominant minera l . I so la ted p o l y h a l i t e c r y s t a l s (or small c l u s t e r s of 

c ry s t a l s ) o f t e n have a c i c u l a r t o p r i sma t i c h a b i t s . These c r y s t a l s 
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(and c ry s t a l c l u s t e r s ) o f t en form s t a r b u r s t s with seed c r y s t a l s (P la te 

4 ) ; The i so la ted c r y s t a l s appear t o be au th igen ic . 

Po lyha l i t e i s in t imate ly associa ted with h a l i t e , anhydri te and 

clay and s i l t - s i z e d minera ls . I t i s o f t en disseminated throughout 

h a l i t e , appearing as reddish-orange blebs or t i n t i n g large areas of 

h a l i t e with a red to orange co lo r . The color associa ted with po lyha l i t e 

(and some other potash minerals) stems from the presence of f i n e l y -

disseminated i ron oxide (Sch&ller and Henderson, 1932, p . 37) . 

Po lyha l i t e a lso appears to be bedded in some t h i n sec t ions [ s u c h 

as AEC #8: 16521 (503 .5m) , 1986> (605 .3m) , 2366' (721 .2m)] usua l ly 

associated with anhydri te and apparent ly i s secondary. Many th in 

sec t ions show f ine -g ra ined po lyha l i t e adjacent to coarse c r y s t a l s of 

anhydri te which have se r r a t ed edges due to replacement by the po lyha l i t e 

(Pla te 5) . Further away from such replaced areas po lyha l i t e i s o f t en 

present in coarser c r y s t a l s . These f ea tu r e s c l e a r l y ind ica te secondary 

replacement of anhydri te by p o l y h a l i t e . 

Clay and s i l t - s i z e d minerals . Clay and s i l ' t - s i zed minci'als include 

c lays , quar tz , f e ldspars in varying q u a n t i t i e s and are o f t en assoc ia ted 

with p o l y h a l i t e and anhydr i te . This r e l a t i o n s h i p may be due to two 

f a c t o r s . F i r s t , the areas which conta in the c l a s t i c s are r e l a t i v e l y 

porous regions which may have allowed f l u i d movement around the r e l a t i v e -

ly impermeable, compacted h a l i t e . Secondary a l t e r a t i o n of primary minerals 

or deposi t ion of new minerals from flowing, concentrated b r ines a re 

l i k e l y in these p l aces . Second, the p h y l l o s i l i c a t e clay minerals can be 
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good sources of potassium and magnesium from which p o l y h a l i t e might form 

i f a calcium-rich b r ine were to come in contact with i t . These c l a s t i c 

regions tend to form in patches and s t r i n g e r s along grain boundaries. 

Some th in sec t ions a l so show subhedral to euhedral cubic h a l i t e c r y s t a l s 

imbedded in c lays and s i l t (P la t e 6 ) . This appears to be a f e a t u r e of a 

semiexposed t i d a l f l a t which produced h a l i t e c r y s t a l s t h a t became covered 

with terr igenous mat te r . Clays are a l so disseminated through h a l i t e 

c r y s t a l s in many cases (P la te 7) and must have been incorporated as t h e 

c ry s t a l grew. Some clay patches show obvious des s i ca t ion and r e s u l t i n g 

cracks . Whether t h i s i s the typ ica l "mud crack" i s unknown (Pla te 8) . 

Magnesite. While magnesite (MgCO )̂ was not p o s i t i v e l y i d e n t i f i e d 

in th in sec t ion , i t s presence was detected by X-ray d i f f r a c t i o n in many 

samples and was very prominent in the X-ray p a t t e r n of one sec t ion 

[^EC #8: 2563' (781.2 m)]. I t i s a typ ica l u n i a x i a l rhombohedral 

carbonate with high b i r e f r i n g e n c e (0.191-0.199) and has a pea r ly t o high 

order white co lo r . Several g ra ins observed poss ib ly f i t the desc r ip t i on 

but none were p o s i t i v e l y i d e n t i f i e d due to l imi ted quan t i ty and small 

gra in s i z e . Magnesite was usua l ly associa ted with the c lay and s i l t - s i z e d 

cons t i t uen t s but has been observed by p the r workers to occur in t h i n 

bands of pure magnesite. No other carbonates ( c a l c i t e and dolomite) 

were detected in t h i s study o r t h a t by Schal le r and Henderson (1932). 

Sy lv i t e . Sy lv i t e (KC1) was observed i n severa l t h in sec t ions in 

the v i c i n i t y of p o l y h a l i t e . Being i s o t r o p i c l i k e h a l i t e , the presence 

of the mineral was confirmed by i t s purp l i sh - red co lor due to i ron 
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oxide inclusions and a higher (but negative) r e l i e f than h a l i t e (P la te 7 ) . 

I t was observed in t h i s study as small i so la t ed g ra ins with no d i s ce rn ib l e 

c ry s t a l form. Like h a l i t e , s y l v i t e has p e r f e c t cubic cleavage (Bra i t sch , 

1971). In the potash zones, s y l v i t c i s o f t e n intermixed with h a l i t e and 

t h i s mixture i s ca l l ed s y l v i n i t e . Sylv i te occurs in a red-colored 

v a r i e t y and in a milky white-colored v a r i e t y apparent ly represent ing a 

d i f f e r e n t paragenesis (Borchert and Muir, 1964, p . 220). I t i s one of 

the more economically-valuable potash minerals because of i t s high 

potassium content (63.2 percent K20), but un fo r tuna te ly p r e c i p i t a t e s 

only under condi t ions of extreme concentrat ion because of i t s high 

s o l u b i l i t y . I t i s not l i k e l y t h a t s y l v i t e was deposi ted in l a rge 

q u a n t i t i e s during most of Salado time except f o r a shor t span when the 

McHutt Potash zone r e s u l t e d . 

Carnal l i t e . C a r n a l l i t e ( ^ M g C l g ^ ^ O ) was detected in one th in 

sect ion adjacent to a c a r n a l l i t e zone as indicated by the well log . I t 

occurs in a v a r i e t y of co lors from c l c a r to white t o red and sometimes 

has a meta l l i c l u s t e r . C a r n a l l i t e takes several h a b i t s such as th ick 

t abu l a r , pyramidal, granular and f ib rous with no cleavage but with a 

conchoidal f r a c t u r e . I t s b i r e f r ingence i s r e l a t i v e l y higher than o ther 

evapori te minerals (0 .028) . Scha l le r and Henderson (1932) noted an 

occurrence of c a r n a l l i t e a s b lebs and s t r eaks i n anhydri te and associa ted 

po lyha l i t c suggesting a poss ib le replacement phenomena. 

C e l c s t i t e . C e l e s t i t e (SrSO^) was t e n t a t i v e l y i d e n t i f i e d in several 

t h in sec t ions based on i t s r e l a t i v e l y high r e l i e f and spear-shaped, 
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elongated c r y s t a l s . I t was very s imi la r t o some forms of anhydri te 

except f o r the terminus of the c r y s t a l . 

Kain i te . Kainite [K 4 Mg 4 Cl 4 (SO^ ' l l I^O] was probably observed in 

one th in s ec t i on . I t i s a monoclinic mineral with moderate b i r e f r i n -

gence (0.022) and occurs in th ick t abu la r , massive and f ib rous h a b i t s 

with a va r i e ty of co lo r s . 

Glauconite. Glauconite [K(Fe,Mg,Al)2(Si4O10) (0H)2] was observed 

as round, greenish g ra ins in a few p laces . As reported by Mason and 

Berry (1968, p. 454) i t i s a mica which i s p r e sen t l y forming on the sea 

f l oo r where c l a s t i c s sediments a re few or lack ing . Conditions in 

evapori te basins would be analogous t o those on the sea f l o o r except f o r 

the d i f f e r e n c e s r e s u l t i n g from the shallow depth of water . 

Mineralogy and Petrology of the Hutchinson Sa l t 

The mineralogy and petrology of the Hutchinson Sa l t (as taken from 

the th in sec t ions of the previous study by Kopp and F a l l i s , 1973) v a r i e s 

from t h a t of the Salado S a l t . The mineralogy i s d i f f e r e n t f o r t h a t of 

the Salado since the Hutchinson Sa l t conta ins gypsum in la rge q u a n t i t i e s , 

dolomite and l a rge r amounts of c l ays . The gypsum i s presen t p r imar i ly 

at more shallow depths [above 620 f e e t (188.9 in)]. This i s t o be expected 

i f i t was not buried a t s u f f i c i e n t depth to be dehydrated to form 

anhydr i te . 

The most no t i ceab le pet rographic d i f f e r e n c e i s t he macroscopic 

bedding of many th in sec t ions of t h e Hutchinson S a l t . Most of the 

bedding i s due to laminated sha l e s , c laystonos and s i l t s t o n e s . Not only 

« 



was cross-bedding observed but so was rhythmic graded-bedding in many 

th in sec t ions . Graded bedding appears f i r s t as a sharp basal con tac t , 

progressing from coarser gra ins near the bottom in to f i n e g ra ins a t the 

top. This i s eventual ly terminated by another sharp contact and repeated 

again. 

Ha l i t e i s the dominant mineral in the middle depths of the cores 

and contained many of the same f e a t u r e s and a s soc ia t ions as the h a l i t e 

in the Salado. Fractures are common, as was p e t r o l i f e r o u s ma te r i a l . 

Anhydrite and po lyha l i t e are dispersed throughout the h a l i t e , f i l l i n g 

f r a c t u r e s , in patches and s t r i n g e r s and forming s t a r b u r s t s . Anhydrite 

i s more abundant in the deeper core sec t ions and was the dominant 

mater ia l in some of these s ec t i ons . 

The Hutchinson appears to have been c l o s e r than the Salado to a 

source of te r r igenous mater ia l and hcnce received a g rea te r amount. I t 

a l so appears to have been formed in a l e s s a r i d environment or formed 

from a l e s s concentrated br ine based on the lack of exot ic minerals in 

any pa r t of the Wellington. 

The petrography of the Wellington i s d iscussed in more d e t a i l by 

C. L. Jones (1964). 



CHAPTER IV 

BROMINE GEOCHEMISTRY OF MARINE EVAPORITES 

In t roduc t ion 

Marine e v a p o r i t e s develop by the concen t r a t i on (by evapora t ion) 

of undersa tura ted s o l u t i o n s provided by seawater i n f l u x , stream dra inage 

and r a i n f a l l . Log ica l ly , evapor i t e minera ls a re composed p r i m a r i l y of 

c o n s t i t u e n t s in seawater . I t i s g e n e r a l l y be l i eved t h a t t he composit ion 

of the ocean has not changed s i g n i f i c a n t l y s ince Paleozoic time 

(Borchert and Muir, 1964, p . 18) and hence, assumptions can be made as 

to the o r i g i n of anc ien t evapor i t e depos i t s by s tudying the makeup of 

p resen t day-oceans . One of the most f r e q u e n t l y s tud ied elements i n 

evapor i t e minera l s i s bromine. Boske (1908) f i r s t i n v e s t i g a t e d the 

s u b s t i t u t i o n of bromine f o r ch lo r ine i n potass ium, sodium, and magnesium 

ch lo r ide m i n e r a l s . 

Bromine in Evapor i te Deposits 

Seawater con ta ins on the average 65 ppin bromine and 18,980 ppm 

ch lo r ine with a r a t i o of 292 Cl"/Br" (see Table I , page 5 ) . When 

evaporat ion of seawater in a r e s t r i c t e d b a s i n occurs , c h l o r i n e i s 

incorporated i n t o t h e formation of h a l i t e (NaCl), s y l v i t e (KC1), and 

c a r n a l l i t e (KgMgClj^l^O)1. Bromine, however, i s a d i spe r sed e lement . 

As ch lo r ine becomes s a tu r a t ed t o i t s maximum point and s a l t p r e c i p i t a -

t ion occurs (which mainta ins the c h l o r i n e b a l a n c e ) , and bromine becomes 

more and more concen t ra ted s ince i t does not p r e c i p i t a t e and form i t s 

33 
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own mineral species. Bromine subst i tu tes only p a r t i a l l y f o r c h l o r i n e , 

but as i t s concentrat ion increases so does the amount o f s u b s t i t u t i o n 

between ch lo r ine and bromine. At temperatures o f formation of evapor i tcs , 

bromine i s completely diodochic w i th ch lor ine and forms a continuous 

s o l i d so lu t ion ser ies from KC1 t o KBr. Bromine w i l l n o t , however, 

s u b s t i t u t e completely f o r ch lor ine through the ser ies NaCl to NaBr; 

hence, s y l v i t e (KC1) contains more bromine than h a l i t e (NaCl) (Adams, 

1967, p. 4 4 ) . The reason f o r t h i s p r e f e r e n t i a l adsorpt ion i s t h a t 
_ o 

Br (1 .95 A) tends to form an i o n i c bond wi th a c a t i o n close t o i t s own 

s i z e and K+ (1 .33 A) f i t s b e t t e r than Na+ (0 .95 A ) . This may be why 

++ ° 

b i o s c h o f i t e (MgCl2*6H20) (Mg =0.65 A) does not incorporate r e l a t i v e l y 

l a r g e amounts o f bromine. 

The p a r t i t i o n i n g of bromine between the b r i n e and the s o l i d i s 

unique f o r each minera l . Kuhn (1955) def ined t h i s p a r t i t i o n i n g i n terms 

o f a bromine d i s t r i b u t i o n c o e f f i c i e n t (b) which i s shown as: 
, _ w t . % Br c r y s t a l 
— ~ wt . % Br so lu t ion 

Bra i tsch and Herrman (1963) showed the c o e f f i c i e n t as being approximately 

0 .15 f o r h a l i t e , 0 .52 f o r c a r n a l l i t e and 0 . 8 1 f o r s y l v i t e a t -25°C in a 

MgCl^-free so lu t ion w i th the bromine concentrat ion below 1 percent . The 

c o e f f i c i e n t s do not hold t rue when the bromine concentrat ion i s h igher 

than 1 percent but t h i s does not occur i n evapor i te b r i n e s . Magnesium 

ch lor ide so lu t ions do not iceab ly decrease b̂  and must be taken i n t o 

considerat ion when i n t e r p r e t i n g the r e l a t i o n s h i p s . The i d e a l concentra-

t i o n a t which h a l i t e f i r s t c r y s t a l l i z e s i s 0.0075 percent Br/NaCl 

(75 ppm). I n s t a t i c evaporat ion the bromine content should increase 
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l o g a r i t h m i c a l l y u n t i l potash minerals are deposited a t 200-250 ppm. 

This smooth logar i thmic increase i s not the case i n n a t u r a l s a l t 

deposits and most show an e r r a t i c bromine p r o f i l e (one which shows no 

rhythmic increase or decrease but i r r e g u l a r f l u c t u a t i o n s ) . Per iod ic 

in f luxes o f seawater lower the t o t a l bromine concentra t ion i n the b a s i n 

and the re fo re decrease the amount o f bromine incorporated i n each minera l 

species. D i l u t e b r ine i n f l u x e s should not produce such e r r a t i c pa t te rns 

i n deep water models since mixing o f incoming low dens i ty br ines wi th 

concentrated high dens i ty br ines would not be as complete as i n shallow 

water basins. Ins tead , i n f l u x i n g seawater would f low on t o p , as p r e c i -

p i t a t i o n of evapor i te minerals continues from the b o t t o m - l y i n g , u n a l t e r e d 

b r i n e s . 

Adams (1967, p . 49) s ta ted f i v e conplusions which can be reached 

on the basis o f bromine p r o f i l e s of s a l t deposi ts : 

1 . the degree to which br ine evaporat ion has occurred should 

be ind ica ted by h igher bromine content , 

2 . bromine p r o f i l e s can be used as prospect ing too ls f o r l o c a t i n g 

the s t r a t i g r a p h i c prox imi ty o f potassium minera ls , 

3 . v e r t i c a l and h o r i z o n t a l changes i n bromine content should 

provide informat ion o n , v a r i a t i o n s i n b r i n e composition w i t h 

time and p o s i t i o n i n the bas in , 

4 . secondary h a l i t e deposited from a p r e e x i s t i n g deposi t can be 

d is t inguished from primary h a l i t e by i t s lower bromine content , 

5 . bromine p r o f i l e s fo r an evapor i te should supplement l i t h o l o g y 

as a means o f l a t e r a l c o r r e l a t i o n . 
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.Bromine in the Salado Sa l t 

Bromine i n the Salado S a l t has been studied by previous workers 

wi th approximately the same r e s u l t s as those der ived in t h i s study. 

Holser (1966) presented an e r r a t i c p r o f i l e o f bromine content from 

depths o f 400 f e e t (121 .9 m) ( i n the Salado) to 4100 f e e t (1249.7 m) 

( i n the C a s t i l e ) (F igure 6 ) . He recorded values ranging from 20 ppm 

bromine at the base o f the Salado to values from about 20 to less than 

90 ppm throughout the upper p o r t i o n o f the format ion. Adams (1967) made 

a comprehensive study o f the bromine d i s t r i b u t i o n i n the Salado S a l t and, 

l i k e w i s e , showed an e r r a t i c p r o f i l e wi th most values between 40 and 80 

ppm bromine from a core depth o f 400 f e e t (121 .9 m) to 860 f e e t (262 .1 m) 

(F igure 7 ) . 

The bromine analyses done i n t h i s study were made before the author 

became aware o f the work done by S. A. Adams ( i n f a c t , a copy of his 

unpublished d i s s e r t a t i o n was not rece ived u n t i l the i n i t i a l w r i t i n g 

stage o f t h i s t h e s i s ) . The r e s u l t s o f t h i s study genera l l y support the 

data presented by Adams (and H o l s e r ) . C o r r e l a t i n g w i th the base o f the 

Salado and the 10th potash ore zone, t h i s study covers about the same 

s t r a t i g r a p h i c horizons as Ho lser ' s p r o f i l e . I t i s not known what exact 

s t r a t i g r a p h i c horizons are covered by Adams' sample i n t e r v a l , but i t is 

assumed to be roughly equiva lent t o t h a t covered by l lo lser and t h i s 

study. For ty -e igh t samples between 1400 (426 .7 m) and 2950 f e e t (899.2 m) 

i n AEC H8 and t w e n t y - f i v e samples between 1045 (318 .6 m) and 2735 f e e t 

(833 .6 m) i n AEC #7 were analyzed. P r o f i l e s f o r both d r i l l cores 

(F igure 8) show l i t t l e i n the way o f a p r e d i c t a b l e p r o f i l e as suggested 

b y t h e o r e t i c a l da ta . I n f a c t , none o f the samples analyzed showed 
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bromine concentra t ions equal to or above tha t which should be incorporated 

in to h a l i t e as i t f i r s t c r y s t a l l i z e s from normal seawater. The basal 

por t ion of the i n t e rva l covered by AEC #7 and «8 agrees with Holse r ' s 

values (approximately 20 ppm). The upper par t of the i n t e r v a l f a i r l y 

well agrees with the base of the p r o f i l e by Adams (20 to 40 ppm) i f i t 

can be assumed tha t i t r epresen ts the same s t r a t ig raph ic . horizon as in 

t h i s s tudy. 

On the o ther hand, the r e s u l t s of t h i s study do not support Adams' 

statement (1967, p. 78) t h a t t h e r e e x i s t s an t ipa thy between s u l f a t e 

minerals ( including disseminated and blebs of po lyha l i t e ) and high 

bromine conten t . While i t is t rue tha t bromine i s genera l ly low when 

associa ted with anhydri te alone (below 2500' (762 m) in AEC "8) , p lo t s 

of r e l a t i v e po lyha l i t e content (based on X-ray d i f f r a c t i o n i n t e n s i t y 
o 

of the major po lyha l i t e peak a t 2.92 dA) versus bromine content general ly 

show a pos i t i ve c o r r e l a t i o n (Figure 9 ) . This r e l a t i o n s h i p was not 

expected because po lyha l i t e conta ins no bromine i t s e l f and t h e r e f o r e 

ac ts only to d i l u t e the t o t a l concentrat ion of bromine in a sample i f 

i t i s p r e sen t . Di lut ion by po lyha l i t e should only become a f a c t o r i f i t 

was present in a sample which was thought to be pure h a l i t e . Samples 

from both corcs were randomly checked f o r s u l f u r contamination (see 

Chapter I I , p . 17) which would ind ica te the presence of s u l f a t e s such 

as p o l y h a l i t e . 

The r e l a t i onsh ip between increas ing po lyha l i t e content and 

higher bromine concentrat ion i s a curious one. I t might be expected 

i f the p o l y h a l i t e were primary, but even then the bromine values of 
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Figure 9. P r o f i l e of bromine content compared with r e l a t i v e 
p o l y h a l i t e content . 

Po lyha l i t e content based on r e l a t i v e i n t e n s i t i e s of major peak 
at 2.92 & 
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the associated h a l i t e should be four t o f i v e times what they a r e . I t i s 

unfor tunate t h a t in th ree samples [AEC #8: 1652' (503.6 m) 1986' 

(605.3 m) 2366' (721.1 m)] in which p o l y h a l i t e was the dominant mineral 

(or codominant with anhydri te) h a l i t e could not be separated from the 

crushed core mater ia l and analyzed f o r bromine. These sec t ions might 

be poss ib le zones of primary polyhal ' i te depos i t ion . 

Regardless of whether the po lyha l i t e i s primary or secondary, the 

values of the h ighes t bromine concentrat ions are s t i l l f a r below the 

theo re t i ca l amount incorporated in h a l i t e when i t f i r s t c r y s t a l l i z e s 

from normal seawater. Two poss ib le conclusions can be drawn. F i r s t , 

the bromine p r o f i l e of the Salado as determined in t h i s study (as well 

as Ho l se r ' s and Adams' s tudies) appear to be t h a t of a secondar i ly -

deposited evapor i te sequence. A p reex i s t i ng evapor i te depos i t with a 

"normal" bromine p r o f i l e was dissolved (thereby reducing i t s bromine 

con ten t ) , ca r r i ed in so lu t ion to the present loca t ion and r e c r y s t a l l i z e d 

to form the Salado Sa l t sequence. (This conclusion assumes t h a t the 

Permian seas were l i k e tha t of present-day seas . ) Second, whatever 

the o r ig in of the p o l y h a l i t e , there seems to be a r e l a t i o n s h i p between 

high(er) bromine contents and grea te r amounts of po lyha l i t e being 

presen t . Whether t h i s i s due to some s t r a t i g r a p h i c f a c t o r , a l t e r a t i o n 

of h a l i t e by the po lyha l i t e -depos i t ing so lu t ions or to the r e c r y s t a l l i -

zat ion of h a l i t e along with po lyha l i t e i s uncer ta in because of the 

widely spaced and l imi ted number of samples examined. This r e l a t i o n s h i p 

should be a point f o r a more thorough i n v e s t i g a t i o n . 



While d iscuss ing po lyha l i t e in the Salado S a l t one other observat ion 

can be made concerning the r e l a t i o n s h i p between po lyha l i t e content and 

water loss upon hea t ing . (The r e l a t i o n s h i p between clay minera l s , 

and water loss a t 100°C i s discussed in the Fii.al Report f o r t h i s sub-

contract by Kopp and Combs, 1975.) The water loss data a t h igher 

temperatures was provided by Beane and Popp (1975). The r e l a t i v e 

po lyha l i t e content was based on X-ray d i f f r a c t i o n i n t e n s i t i e s of the 
o 

major peak (2.92 A). I t was discovered t h a t by p l o t t i n g these two 

curves together an extremely good c o r r e l a t i o n between the amount of 

water loss upon heat ing and the amount of p o l y h a l i t e present could be 

achieved (Figure 10). Not only do peaks f o r both curves match but so 

do most of the t roughs. Po lyha l i t e with i t s 2 molecules of water can 

contr ibute up to 6 percent water a t high temperatures . Undoubtedly, 

c lays are a major source of water i n the Salado Sa l t (gypsum i s not 

present in any quant i ty) a t lower temperatures but a t higher tempera-

tures (above 300°C) p o l y h a l i t e may make a s i g n i f i c a n t c o n t r i b u t i o n . 

In addi t ion to the bromine analyses performed f o r the Salado 

S a l t bromine concentra t ions were determined f o r samples from two d r i l l 

cores (AEC ffl and #2) in the Hutchinson Sa l t near Lyons, Kansas. 

Because of the la rge amounts of c lay and o ther minerals p r e sen t , only 

14 samples for AEC #1 and #2 could be prepared. With so. few samples 

i t would be of l i t t l e advantage to show a bromine p r o f i l e f o r the 

Hutchinson S a l t . However, t he values obtained were comparable t o 

those of the Salado S a l t . Within the i n t e r v a l 816 (248.7 m) to 1077 



ACC* 6 

Figure 10. P r o f i l e of polyhal i tc content compared with t o t a l 
water loss (by weight percent) at 400° C. 

Po lgha l i t c content based on r e l a t i v e i n t e n s i t i e s of major peak 
at 2.92 A. 



(328.3 m) f e e t in AEC #1 and 790 (240.8 m) t o 1002 f e e t (305.4 m) in 

AEC #2 a l l bromine values ranged from 21 to 42 ppm with most in the 30 

to 40 ppm range. These r e s u l t s would seem to ind ica te t h a t the 

Hutchinson Sal t (par t of the Wellington Formation) had the same type of 

genesis as the Salado. Holser a l so cal led the Wellington a "second 

cycle" s a l t (1966, p. 342). 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The main purpose of t h i s study was to determine the presence and 

quant i ty of water-bear ing minerals in the Salado Sa l t near Carlsbad, 

New Mexico so tha t the formation could be considered f o r a p o t e n t i a l 

radwaste r epos i to ry . I t was found tha t the Salado Sa l t dehydrates t o 

a l e s s e r degree than the Hutchinson Sa l t Member of the Wellington 

Formation near Lyons, Kansas, because of the general absence of gypsum 

and l e s s abundance of c lays . The Salado Sa l t loses up to a few t en ths 

of a percent water in the purer h a l i t e beds. Where clays a re abundant 

several percent of water (by weight) may be l o s t and in p o l y h a l i t e 

zones as much as 5 or 6 percent water may be given o f f at temperatures 

near 300°C. 

I t i s c lear t h a t the Salado Sa l t i s a f avorab le s i t e f o r radwaste 

disposal in terms of water l o s s . However, zones of clay and p o l y h a l i t e 

must be avoided. Clays are r e a d i l y detected in the core but p o l y h a l i t e 

( e spec ia l ly when not assoc ia ted with iron oxide) may be d i f f i c u l t to 

de tec t and to v i sua l l y es t imate i t s quan t i ty . 

A c o r r e l a t i o n was found to e x i s t between p o l y h a l i t e contcnt and 

the bromine content of the assoc ia ted h a l i t e . This may not be t rue f o r 

a l l s a l t depos i t s and was found to be d i f f e r e n t by a t l e a s t one worker 

(Adams, 1967) fo r the Salado S a l t . Further work needs to be done to 

prove (or disprove) t h i s r e l a t i o n s h i p but i f i t does e x i s t , a bromine 

p r o f i l e may serve two purposes when studying a s a l t depos i t f o r a 
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repos i tory s i t e . F i r s t , i t could supplement X-ray d i f f r a c t i o n and/or 

th in sect ion ana lys i s in de tec t ing of po lyha l i t e concentra t ions and 

po ten t i a l dewatcring zones. Second, i t might i nd ica t e a proximity t o 

other potash minerals which might represent zones of high water l o s s 

or areas of economic importance. 

Unless current th inking about the composition of seawater and 

the pa r t i t i on ing of the bromine between h a l i t e and seawater i s i n c o r r e c t 

the bromine p r o f i l e suggests t ha t the Salado Sal t i s a second genera-

t ion evapori te sequence, perhaps derived from p reex i s t i ng h a l i t e 

brought in from surrounding areas or poss ib ly r e c r y s t a l l i z e d in p l a c e . 

Adams (1967, p . 163) p r e f e r s to think t h a t the Salado was derived from 

older Permian and Pennsylvanian evapor i tes (of Arizona, Utah, Kansas, 

Oklahoma, Colorado, northern New Mexico and the Texas Panhandle) as 

t ec ton ic a c t i v i t y ra i sed these depos i t s and erosion produced b r ines 

which accumulated in southeastern New Mexico and west Texas. This 

conclusion would be d i f f i c u l t t o prove. However, i t i s un l ike ly t h a t 

the Wellington Formation cont r ibuted t o t h i s process s ince i t was a l so 

found to be a second cycle evapor i te with low bromine concentra t ions 

of only 30 to 40 ppm. No samples in the Salado were discovered to be 

appreciably lower in bromine than the Wellington which might have suggested 

t h a t the Salado was a th i rd cycle s a l t derived from the Wellington. 

F ina l ly , pet rographic evidence obtained from the samples s tud ied 

suggests tha t the deposi t ion of the Salado Sa l t occurred in r e l a t i v e l y 

shallow water. Hopper c r y s t a l s were evident throughout samples from 

both corcs . While hoppers may be deposi ted in q u i e t , deep water , i t 



i s more l i k e l y that, the exce l len t p reserva t ion observed was promoted 

by accumulation of hoppers in water depths measured in tens and hundreds 

of f e e t of water ins tead of thousands of f e e t . Also, the depos i t was 

probably subaer ia l ly exposed a t l e a s t par t of the t ime. This conclusion 

i s based on the presence of euhedral gra ins of h a l i t e embedded in a 

c l a y - s i l t matrix and bedded nodular anhydr i te . The embedded h a l i t e 

appears s imi la r to t h a t formed in exposed s a l t f l a t s , p e r i o d i c a l l y 

subjected to in f luxes of t e r r igenous ma te r i a l . Nodular anhydri te i s 

thought to represent nodules of gypsum formed near the su r face which 

are dehydrated to form anhydri te as they are gradual ly buried under new 

sediments. Such deposi t ion of nodular gypsum and o the r evapor i tes has 

been termed a sahbka f a c i e s (Kinsman, 1969, p. 834). 

Adams.(1967, p . 468-469) a l so concluded t h a t a t l e a s t pa r t of the 

Salado Sal t was deposited in shallow water (10-50 meters) based on th ree 

l ines of evidence. The bromine p r o f i l e shows sharp r i s e s and f a l l s 

which ind ica tes near ly s t a t i c evaporation of small amounts of b r i n e . 

Many of the clay seams appear to have formed as r e s idua l accumulations 

from the d i s so lu t ion of h a l i t e . F ina l ly , he f inds evidence of erosion 

at the top of many ore zones. 
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APPENDIX A 

BROMINE ANALYSES 

The x-ray spectrograph employed fo r the f i n a l bromine analyses was 

an ORTEC 6110 TEFA ( tube-exci ted f luorescence analyzer) made by ORTEC, 

Inc . , of Oak Ridge, Tennessee. The 6110 TEFA proved to have d i s t i n c t 

advantages in t h i s study as compared with the Norelco Vacuum.X-ray 

Spectrograph. While the bas i c p r i nc ip l e s of x-ray f luorescence 

spectroscopy a re the same, t h i s instrument incorpora tes a nondispers ive, 

sol id s t a t e de t ec to r which measures energy l e v e l s . The de t ec to r 

cons i s t s of a s l i c e of s i l i c o n in to which l i th ium has been d i f f u s e d 

from one face . According to the ORTEC 6110 TEFA Operators Manual (1974), 

the wafer i s a reverse-biased diode which permits cur ren t to flow when 

energy i s absorbed and ionizes some of i t s atoms. The amplitude of the 

output current from the de tec tor i s d i r e c t l y propor t ional to the number 

of atoms ionized on the Si(Li) wafer by the f luoresc ing r ad i a t i on from 

the sample. The de tec tor and input stage of the p reampl i f i e r are 

operated a t l iqu id ni t rogen temperature (-195.8°C) to minimize l i th ium 

mobil i ty and e l e c t r o n i c no ise . Instead of de tec t ing the wavelength f o r 

a . p a r t i c u l a r element (as in the Norelco X-ray Spectrograph) the ORTEC 

6110 TEFA measures i t s energy leve ls in KeV. (Both methods are 

analogous because energy i s inverse ly porpor t iona l to wavelength by the 
he 

equat ion: E = where "h" and "c" a re cons t an t s . ) 

The output from the de t ec to r i s processed in a multichannel 

analyzer which accumulates an energy spectrum as a histogram composed 
5 4 
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of up to 1024 channels. The d i sp lay appears as peaks composed of small 

dots which r i s e above the ba se l i ne when energy i s de tec ted in a c e r t a i n 

i n t e r v a l . This allows a r a p i d , semiquant i ta t ive scan fo r a l l elements 

p resen t . A u s e f u l f ea tu re of the ORTEC instrument i s t h a t i t permits 

the s e l e c t i o n of a "range of i n t e r e s t " (ROI). The opera tor can 

s e l e c t as many channels as des i red t o cover the number of counts 

accumulated f o r an e n t i r e peak (not j u s t the pos i t i on which i s accumu-

l a t i n g the l a r g e s t number of counts as i s done with the gonimeter of a 

typica l x- ray spect rograph) . The operator can then v i s u a l l y se t 

background pos i t i ons on both s ides of the peak and determine t h a t the 

instrument i s not counting any abnormal low or high p o i n t s . 

The ORTEC 6110 TEFA i s f u l l y automated. I t can be s e t f o r optimum 

condit ions (anode current and vo l tage , f i l t e r type, e t c . ) while 

observing the d i sp lay p r o f i l e . With the s tandards and unknowns in p lace , 

the instrument can automat ica l ly analyze up to twelve samples f o r any 

number of desired elements which can be run under the same se t of 

condi t ions . The computer then determines a l i n e a r and/or quadra t i c 

f i t f o r the s tandards and compares the sample values aga ins t the standard 

curve(s) . The f i n a l data i s p r in t ed out in the u n i t s se lec ted (ppm, 

pg/ml, percent) along with the number of counts per second. 

The operat ing condi t ions f o r the bromine analyses were as fo l lows: 

Anode: molybdenum MCA: 40ev/channel 
Ki lovol t s : 40 Dig i ta l gain: 1 

Microamps: 50 F i l t e r : .005" molybdenum 

Two addi t iona l elements ( i ron and chlor ine) were a l so run but 

s incc no standards were a v a i l a b l e , a r b i t r a r y values of 1 ppm were used 



f o r both elements. The data obtained (count* per second) p c r n l t j 

r e l a t i v e es t imates of the amount of these elements p resen t . Iron con-

t e n t was analyzed s ince several potash minerals ( s y lv i t e and polyh. i l i t r ) 

tend to have associa ted iron oxides. However, no conclusions were 

drawn from t h i s da t a . Chlorine was analysed in order to assure that 

the samples were r e l a t i v e l y equal in c o n t e n t and t h a t bromine concentra-

t ions would not be used taken from a sample t h a t was gross ly d e f i c i e n t 

in sodium ch lor ide . All samples had values ranging between 60 to 65 cps 

and most had e i t h e r 62 or 63 cps. 

The computer p r in tou t f o r each analysis with the ppm values f o r 

bromine and cps values f o r iron and chlor ine i s s tored f o r f u t u r e 

re fe rence a t the Department of Geological Sciences, Universi ty of 

Tennessee, Knoxville. 



APPENDIX B 

MINERALOGY OF SELECTED SAMPLES OF THE SALADO SALT 
(AEC CORES #7 AND #8) BASED ON 

X-RAY DIFFRACTION ANALYSIS 

Samples were run t o determine the amount and kinds of minerals 

p r e sen t . However, unless the mineral was present in amounts of 1 to 3 

percent or more i t was d i f f i c u l t t o separa te from the background. An 

approximate (semiquant i ta t ive) ana lys i s was done in the following 

manner. A sample of the pure or near ly pure mineral ( h a l i t e , po lyha l i t e 

and anhydrite) was run on a s ca l e of 2000 in order t h a t no peak would 

go o f f the char t paper. From t h i s , the height of the major peak f o r 
o o o 

each mineral (ha l i t e -2 .82 A, po lyha l i t e -2 .92 A, anhydrit.e-3.S0 A) was 

ad jus ted to 100 u n i t s ( taking in to account f o r the amount of other 

minerals present in the near ly pure samples). A mine ra l ' s abundance 

was determined by using the ad jus ted peak he igh t . This i s an 

approximate procedure which assumes an e s s e n t i a l l y l i n e a r f i t between 

the peak height and the percentage of the mineral p resen t and a lso 

assumes no cons t ruc t ive or de s t ruc t i ve i n t e r f e r e n c e of the x-eflections 

between the minerals . 

The approximate d iv i s ions f o r t h i s study were major (M) cons t i t uen t s 

(>25 percen t ) , minor (mi) cons t i t uen t s (5-25 percent) and t r ace ( t r ) 

cons t i tuen t s (<5 pe rcen t ) . No quant i ty was estimated f o r quar tz , c lays 

or magnesite. Their presence i s denoted by an X i n Table V. Other 

minerals were thought to be observed but could not conclus ively be 

separated f rom' the background. 
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TABLE V 

MINEROLOGY 01* CORE SECTIONS 

Depth 
Motors Feet H a l i t e Po lyha l i t e Anhydrite Quartz Clays Mngnesite 

AJ;C HI • 

318.2 1044 M t r 
337.4 1107 M M M X X 
356.9 1171 M mi M 
372.2 1221 M t r t r X 
395.0 1296 M t r t r X 
409.0 1342 M mi 
427.3 1402 M t r 
447.4 1468 M mi t r X X X 
467.3 1533 M mi 
492.3 1615 M t r t r 
517.2 1697 mi M M 
534.9 1755 M t r t r 
595.0 1952 M mi t r ( ? ) 
595.6 1954 M t r t r X X 
596.8 1958 M mi X X(?) 
597.4 1360 M mi 
599.5 1967 M mi 
600.2 1969 M mi 
601.4 1975 M mi 
602.0 1975 M t r 
602.9 1978 M mi X X 
604.4 1983 M mi t r 
605.3 19S6 M t r 
607.5 1993 M mi 
823.6 2702 M t r 
827.8 2716 M t r 
833.9 2736 M t r 

AEC #8 

424.0 1391 M t r 
455.7 1495 M t r 
479.5 1573 M t r t r 
503.5 1652 mi M t r 
519.7 1705 M mi t r 
539.2 1769 M t r 
544.7 1787 M M 



TABLE V (continued) 
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Depth 
Meters Feet Ha l i t e P o l y h a l i t e Anhydrite Quartz Clays Ma o n e s i t e 

546.8 1794 M M X X X 
549.9 1804 M 
557.5 1829 M 
560.2 1838 M mi t r X X 
566.0 1857 M t r 
571.5 1875 M t r X X X 
574.2 1884 M t r t r M X 
576.1 1890 M mi 
577.3 1894 M t r X X 
578.8 1899 M mi 
579.1 1900 M mi t r ( ? ) 
580.6 1905 M t r X X X 
582.5 1911 M t r 
583.1 . 1913 M 
584.0 1916 M mi 
586.1 1923 M M X 
588.3 1930 M mi t r X 
589.2 1933 M t r 
590.7 1938 M mi 
595.3 1953 M mi 
599.5 1967 M mi t r X X 
605.3 1986 t r M t r X X 
611.4 2006 M mi t r 
614.8 2017 M mi t r X X X 
621.S 2039 M M t r 
624.8 2050 M M t r 
630.3 2068 M t r t r 
635.2 2084 M mi t r X X 
649.2 2130 M t r t r X(?) 
659.0 2162 M mi X 
675.7 2217 M mi t r 
694.9 2280 M t r t r ( ? ) 
709.0 2326 M t r X X 
721.2 2366 t r M t r X X X 
739.7 2427 M t r 
749.8 2460 M t r 



A Norelco Diff rac tometer was used with a copper t a r g e t a t 35 

k i l o v o l t s and 17 mill iamps. The r a d i a t i o n was passed through a c r y s t a l 

monochromator to remove the CuK^ but t o allow the CuK^ r ad i a t i on to 

pass . All samples were run a t a sca le of 100 with a time constant o f 

\ 2 seconds a t a char t and gonimeter speed of 1° 20 per minute from 3 ° ' t o 

60° 20 (29.4 A t o 1,5 A), 



APPENDIX C 

PETROLOGY OF CORES AEC #7 AND It8 

Abbreviations 

Minerals. In the t h i n sec t ion de sc r ip t i ons the approximate amount 

of the minerals present are indica ted by upper and lower case l e t t e r s . 

Example: anhydr i te ; AN = MAJOR (>25 p e r c e n t ) , An = Minor (5 to 25 

pe rcen t ) , an = t r a c e (<5. percen t , o f t en l e s s than 1 or 2 p e r c e n t ) . 

AN = Anhydrite GYP = Gypsum 
CAR = C a r n a l l i t e HA = Ha l i t e 
CEL = C e l e s t i t e KAIN = Kaini te 
CSSM = Clay and s i l t - s i z e d MAG = Magnesite 

minerals (o f t en PH = Po lyha l i t e 
magnesit ic) QTZ = Quartz 

FELD = Feldspar(s) SYL = Sy lv i t e 
GLAU = Glauconite 

Other te r r . s . 

ac ic a c i c u l a r i nc l i nc lu s ion ( s ) 
a lg( lam)"algal ( laminations) i so i s o l a t e d 
app appeai- •lg l a rge 
assoc associa tcd macro macroscopic ( a l l y ) 
auth autli igenic mg medium-grained (1 mm to 1 cm) 
bed bedded mat ma te r i a l 
c r bd cross-bedded nod nodular 
eg coarse grained (>1 cm) num numerous 
c lus c l u s t e r ( s ) of c r y s t a l s obs observed 
def deformed P patches 
d i s d i s t i n c t ( i v e ) p6s patches and s t r i n g e r s 
env environment pet p e t r o l i f e r o u s 
ev evidence poss poss ib le 
FeO iron oxide(s) PP poorly preserved 
fg f ine-gra ined (<1 mm) pseudo pseudomorph 
flow flowage rad r a d i a l 
foss f o s s i l ( i fe rous) r ep l r ep lace ( s ) ( ing) 
f r a c t f r a c t u r e ( s ) r ep r r ep re sen t ( s ) (ing) 
gr bd grain boundary(ies) se l se lvagc(s) 
HOP hopper s s t r i n g e r ( s ) 
ig intergrowth sm small 

6 1 
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spher s p h e r u l i t i c t r t r a c e ( s ) 
subaer subaer ia l tw twinned 
surr surrounded by w/ with 
tab t abu la r x t a l c r y s t a l ( s ) 
t ex t t ex tu re (?) quest ionable 

Thin Section Descript ions 

AEC-7 

1044 eg HA; num f r a c t , many f i l l e d by pet mat; tab An in cssm p 
and f i l l i n g f r a c t . 

1107 fg to mg HA; gr bd and f r a c t o f t f i l l e d by pet mat; fg to 
prism to t ab AN w/spher forms; poss gyp (?) w/sieve t e x t fg Ph. 

1171 App macro bed fg AN w/s ta rburs t ( ? ) ; Ha ig between AN; fg Ph 
intermixing w/AN and forms s t a r b u r s t . 

1221 eg, IIA; num f r a c t ; An in fg p§s and along f r a c t ; some r a d i a t i n g 
An forms; ph rep l An. 

1296 mg t o eg HA; CSSM in p$s; poss some CSSM i s ig ; minor ph and 
an (?) in p§s. 

1342 mg t o eg HA; num f r a c t ; cssm and ph f i l l i n g f r a c t ; t r an. 

1402 mg to eg HA; prism Ph assoc w / f r a c t ; t r tab an. 

1468 mg HA; CSSM w/ig cubic HA x t a l s (shallow water ) ; q tz and f e ld 
(?) and mag (?) assoc w/CSSM; t r an and ph. 

1533 eg HA w/HOP; num f r a c t p a r t l y f i l l e d w/pet mat; Ph in p§s and 
along f r a c t and i g ; t r cssm. 

1615 eg HA w/HOP; d i s gr bd; pSs of fg Ph w/mg An; some mg An in 
p and i s o . 

1697 macro bed; mg An x t a l s se t in fg PH; massive PH repl An; fg 
Ah (?) a l so ; Ha ig and f i l l s openings; t r syl and FeO and 
cssm. 

175S mg to eg HA w/HOP; num f r a c t ; Ph f r a c t f i l l i n g ; t r an; some Ph 
rep l an; t r s y l . 

1952 app macro bed mg to eg HA w/HOP; prism An x t a l s s c a t t e r e d ; some 
ph rep l An. 

1954 eg HA; cssm w/qtz and fold in p$s (along f r a c t ) ; f g and ac ic 
ph assoc w/cssm and FeO; cssm cracked-dess ica t ion . 
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1958 mg to eg HA; d i s gr bd; fg ac ic ph x t a l s in p^s; cssm in pf»s 
w/qtz . 

1960 poss macro bed (? ) ; fg to eg HA w/HOP; cssm i g ; - f g ph ig ; 
prism and tab an; qtz w/cssm. 

1967 eg HA w/pp HOP; pSs of fg ph, some ig ; t r prism an x t a l s ; poss 
flow. 

1969 f g to mg HA w/pp HOP; ig Cssm w/qtz and f e ld (? ) ; mg an x t a l s , 
no assoc; t r ph. 

1973 eg HA; minor f r a c t but f i l l e d w/pet mat; t r an, cssm and ph ( ? ) . 

1975 eg HA; p§s and f r a c t f i l l i n g of fg Ph with mg an x t a l s ; Ph 
repl an; Ph assoc w/cssm and FeO. 

1978 mg to eg HA; ig Cssm w/qtz and mag (?) su r r cubic HA x t a l s 
(shallow water) ; fg Ph in p5s and flow mixed w/fg prism An 
x t a l s i so mg, prism An x t a l s . 

1983 mg 
mg 

to eg HA w/HOP; num f r a c t ; fg Ph in p§s and flow w/poss 
an x t a l s ; ph repl an; some mg prism an x t a l s iso along gr bd. 

1986 eg HA; num f r a c t ; t r ph and an and cssm. 

1993 eg HA w/HOP; fg Ph in pfis w/incl of mg tab An x t a l s ; ph rep l An. 

2702 mg fg to eg HA; d i s gr bd due to pet mat and i n c l ; cssm in pf (s; 
An in p§s w/cssm. 

2716 mg to eg HA w/HOP; fg An in p&s along f r a c t ; cssm p r e s e n t . 

2736 mg to eg HA w/HOP; fg An in p§s along f r a c t ; cssm p r e s e n t . 

AEC #8 

1391 eg HA; fg ph in s e l ; fg an (?) in p&s, FeO. 

1495 mg to eg HA w/HOP; fg Ph in p§s and l g ; Ph assoc w/CSSM and 
shows ev of flowage. 

1573 macro app bed; mg to eg HA; fg Ph and fg to mg An in p w / se l ; 
Ph rcp l An repl nod gyp ( ? ) ; car ( ? ) . 

1652 macro app bed; s l i d e divided in to two d is t e x t ha lves ; one-half 
fg An w/1 An x t a l s ; o ther ha l f fg to mg Ph and An; mg Ha in P; 
fg s y l ; poss lg lam in An. 
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fg t o eg IIA w/HOP; fg Ph in p5s and ig o f t assoc w/an at gr bd; 
FeO. 

mg to eg HA w/pp HOP; fg to mg Pit in p5s and i g ; Ph rep] HA; 
fg gyp (?) d i s "swallow t a i l " tw; poss e e l , ac ic ( ? ) ; FeO. 

mg t o eg HA w/HOP; Ph in p&s and ig ; 1 an x t a l s ; poss flowagc; 
acic eel ( ? ) ; fg to mg gyp ( ? ) . 

macro bed; fg to mg HA w/HOP; fg CSSM; HA ig in CSSM-FcO matr ix , 
primary deposi t ional f e a t u r e ; i so ph x t a l s ; auth qtz and f e l d , 
w/ t r glauc ( ? ) . 

fg to eg HA w/pp HOP; fg CSSM-FcO in ig ; few eg an and acic 
ph x t a l s in ig CSSM, a lso c l u s t e r s of ph. 

eg HA w/HOP; numerous f l i n c l ; r i g h t angle f r a c t ; ig Cssm-FeO 
t r ph. 

fg to mg HA w/pp HOP; d i s gr bd; Cssm ig w/HA; an p and fg 
acic Ph assoc w/Cssm-FeO. 

eg HA w/pp HOP; t r ph along i s . 

macro bed; fg to mg MA ig in CSSM matrix (subaer ia l type 
deposit) i so x t a l and p of ph and fg to mg an; auth qtz and 
f e l d ; FeO. 

fg to mg HA w/HOP; CSSM and FeO; i so and c l u s t e r s of fg to mg 
an (poss pseudo a f t e r gyp) t r s y l ; some f r a c t u r e f i l l i n g by an. 

mg to eg HA w/HOP; some f r a c t ; ig ph and f r a c t f i l l i n g ; some 
fg an in p . 

mg to eg HA w/pp HOP; numerous inc l marking d i s t gr bd; fg ph 
and an in p§s; ac ic an along gr bd; cssm in p(is w/auth qtz and 
f e l d . 

fg to eg HA w/HOP; ig Cssm; t r an and ph; o f t i s o . 

f g to eg HA w/HOP; f r a c t and flowage; f g p of ph w/an x t a l s ; 
ev of ph r ep l an; i g cssm. 

mg to eg HA w/1 ig p Cssm; cracks in cssm f i l l e d by second 
generation HA; t r ph and an; q t z . 

mg to eg HA w/pp HOP; healed f r a c t ; ig and p§s Ph and an and 
cssm; Ph app to repl an. 

mg to eg HA w/HOP; p$s of Ph and An; Ph and some cssm in ig ; 
Ph repl an. 
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1913 fg to eg HA w/ig Cssm arid Cssm inc l in HA; t r ac ic ph; auth 
qtz and f e l d . 

1916 eg HA w/pp HOP; pfjs of ph mixed w/mg an along f r a c t . 

1923 (two s l ides ) fg t o eg HA; cubic x t a l s of HA in Cssm matrix 
(mud-flat env i ron . ) ; i so and pfjs of ph and an; auth f e l d . 

1930 mg to eg HA w/pp HOP; d i s gr bd; ac ic ig Ph and an; also pfjs 
of Ph and an f g ; t r cssm; gyp ( ? ) . 

1933 eg HA w/HOP; ig p e t i l l i f e r o u s ma te r i a l ; p§s. of cssm and ph and 
an; sel o f t around ph; auth qtz and f e l d . 

1938 eg HA w/pp HOP; p&s of an and ph w/sel and mg i so ph x t a l s . 

1953 fg to mg Ha w/1 HOP; d i s gr bd; p§s and i so x t a l s of ac ic an 
sur r by fg ph in s and gr bd. 

1967 fg t o eg Ha w/HOP; ig p&s and f r a c t f i l l i n g of Cssm w/auth qtz 
and f e l d ; s ca t t e r ed Ph and An. 

1986 app cr-bed; PH and AN ig w/cssm; AN mg and PH f g ; PH rep l AN; 
some AN pseudo a f t e r gyp (?) ; a lg lam present ( ? ) . 

2006 fg to eg HA w/HOP; p$s of an and Ph (assoc FeO); Ph repl an; 
t r sy l ; numerous inc l marking gr bd. 

2017 mg to eg HA w/IIOP; few f r a c t and i n c l ; Ph rep l an w/sel su r r 
Ph; p of cssm; mag gra ins ( ? ) . 

2039 mg t o eg HA w/HOP; p?s of Ph and an w/cssm; Ph o f t r a d i a l ; 
Ph rep l an. 

2050 mg AN; numerous i n c l ; Ha ig ; few f r a c t ; cssm w/FeO. 

2068 fg t o eg HA; p§s of cssm assoc w / f r ac t o f t ; p§s of An and 
ph ( ? ) ; an pseudo a f t e r gyp (?) as ev by form. 

2084 fg t o eg HA; many f r a c t ; many p§s of Cssm and FcO; HA x t a l s 
gTowing in Cssm matr ix ; p§s and f r a c t f i l l i p of Ph in ac ic 
form. 

2130 fg t o mg HA; d i s t gr bd; cssm presen t ; ig'An w/sel of ph (?) ; 
no FeO; An fg to mg and sometimes along f r a c t u r e s . 

2162 eg I1A; i g p of Ph and Cssin and FeO; Ph s u r r by se l w / t r of 
an; poss syl ( ? ) . 



eg HA; f r a c t and few i n c l ; pf,s of Ph and an; some Ph rad and 
repl an; some Ph and an along f r a c t ; syl (?) assoc with Ph 
s t a r b u r s t . 

fg to eg HA; d is gr bd because of i n c l ; fg Ph and an in p and 
f r a c t assoc w/cssm; k a i n i t e ( ? ) . 

fg to eg HA w/pp HOP; cubic HA x t a l s in Cssm matrix (shallow 
water f e a t u r e ) ; i so x t a l s of an and ph; mag cssm w/auth f e ld 
(? ) . 

poss macro bed; PH dominate in rad s t a r b u r s t ; some an, q tz , 
cssm. 

fg to eg HA w/pp HOP and f r a c t ; fg An w/1 x ta l i n c l ; cssm and 
some an i g . 

mg to eg HA w/HOP; f r a c t obs; gr bd d i s t ; p5s of fg An and 
cssm and q tz . 

mg to eg HA w/pp HOP; pf,s and ig fg an o f t assoc w/cssm. 

poss bed; nodular masses fg AN su r r some mg AN; Cssm in p 
w/poss mud crack or buiTowing (? ) . 

f g to mg HA w/pp HOP; gr bd d i s ; ig and'p^S of An and cssr:; 
f r a c t . 

f g to eg HA w/pp HOP and many f r a c t ; p§s of fg an and cssin 
assoc. 

eg HA w/HOP; p§s of an and cssm. 

f g to mg HA w/pp HOP; d is gr bd; fg p of An and iso x t a l s ; 
some cssm assoc An; many f r a c t . 

mg to eg HA w/pp HOP; d i s gr bd. pfis of fg to mg An and Cssm. 

f g to eg HA w/pp HOP; fg An assoc w / f r ac t and cssm in pGs; 
poss t r of ph (?) ; poss q tz and mag. 

f g to eg HA w/HOP; p§s of fg HA; An in p w/some l a rge r An 
x t a l s ; cssm and f r a c t . 

mg HA w/pp HOP; gr bd not d i s t ; p$s of An and cssm w/sel sur r 
An; poss t r ph ( ? ) . 

mg to eg HA w/HOP; p of i n c l ; ig and p&s of fg An and cssm. 
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2879 poss macro bed; fg to mg HA w/HOP; p$s of An in HA x t a l s ; some 
iso x t a l s of poss ph (? ) . 

2948 poss macro bed; mg to eg HA w/HOP; d i s t gr bd; nod p (banded) 
An and some i so x t a l s . 



APPENDIX D 

PLATES 

P la te 1. Hal i te hopper c r y s t a l . 

Foss i l hopper c ry s t a l out l ined by inclus ions along c ry s t a l f a c e s . 
Many times only one i n t e r s e c t i o n of the faces i s observed and gives 
the appearance of "chevrons." 

P la te 2. F r a c t u r e - f i l l i n g of h a l i t e . 

A f r a c t u r e in h a l i t e f i l l e d by po lyha l i t e (white) and clays (dark) . 
Notice numerous f r a c t u r e s in h a l i t e along edges of t h i n sec t ion . 

68 



Plate 2 
l 1 mm 
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Pla te 3. Possible deformation r e s u l t i n g in flowage of p o l y h a l i t e . 

Massive, f ine-gra ined po lyha l i t e appears to be deformed and almost 
be in a s t a t e of flowagc. 

P la te 4, Po lyha l i t e s t a r b u r s t . 

Spheru l i t i c habi t shown by p o l y h a l i t e . Acicular c r y s t a l s r a d i a t e 
from a common po in t , o f t en a seed c r y s t a l . 
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1 mm 

Plate 3 

1 mm 

Plate 4 



Plate 5. Fine-grained polyhalite replacing coarse-grained 
anyhdrite. 

Large crystals of anhydrite are often replaced by. a fine-grained 
polyhalite. Notice the serrated edges of the anhydrite especially on 
the end of the elongated anhydrite crystal. 

Plate 6. Euhedral hal i te grains embedded in clay matrix. 

Well-developed hal i te grains embedded in a clay matrix are 
observed in several thin sections and thought to represent a shallow-
water feature. Small grains (white) in clay (dark) are primarily 
quartz and feldspars. 
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t 165 microns i 

P la te 5 

Plate 8 



Plate 7. Sylvite grains in hal i te . 

Isotropic wylvite in hal i te matrix. Shaded areas are associated 
iron oxide staining. Notice the disseminated clays throughout the 
hal i te . 

Plate 8. Dessication cracks in clays. 

"Mud cracks" in clays. Whether these formed on the surface in 
the usual manner or just from the dessication of a buried clay is 
unknown. 
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