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ABSTRACT 

Three Permian salt deposits, each several hundred feet thick, underlie 

southwestern and south-central Ka~1Sas and extend into Oklahoma and Colorado. In 

order of their deposition these are: (1) The Hutchinson Salt Member of the Welling-

ton Formation, (2) The salt beds gene tically related to the Stone Corral Formation, 

and (J) The s alt beds genetically related to the Blaine Formation. In vertical 

east-west cross section these salt deposits are arranged en echelon with the oldest 

(Hutchinson) extending farthest east . Each of the salt deposits cuts correlation 

lines established by well-defined key beds. 

The· physical-chemistry of: brine derived by the evaporation of sea water 

severely 'limits the conditions under which salt deposits can accumulate . The 

stratigraphy of the Kansas salt deposits io eo!!!: t-e.1 vi bo blie !"'hJ sical-Cherrus t"ry 

o! + be br~_no , l'.his c cm:'arj son- indicates that during the time of deposition of 

the Hutchinson Salt: (1) Sea level was fluctuating at out a mean at a relatively 

/ 
rapid rate and (2) The rate of accumulation of sediment was relatively slow but 

somewhat faster than the rate of subsidence of the basin. The two younger salt 

deposits ( 11Stone Corral" salt and "Blaine" salt) were deposited during sub-

sequent i:,eri.ods when subsidence was faster than the rate of accumulation of 

sediment. 
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'-•, Permian salt underlies most of ~ south-central Kansas and '-~ ~ ~, --- --------~ ~ ~ 
extend~ o Oklahoma and Colorado Fig, 1) ',Jhree main deposits are present: \\, .1\ 
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7S--,..,,..(J,) The Hutchinson Salt ~~ of the 1iellington Formati~ . (2) ,~ salt beds \ \ \f ~ 
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of_ \ . cally related t~l\ h~ .. Blaine Formation (Fig. In ve;h,,cal east- r\\ 
J ,, ~ ~ }j ~\ ' f I:.\ -l~ 

I/ • ··~. , ~ 
,~-v west cross section these sail.,\
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~deposits are arrange n echelon with the oldest . ( 
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dep'o~~ (Hutchinson) extending farBh.~st eastward (Fig. 3). feet f ,( <.,1 ). 
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te1-rigenous cla'stj,{r11,_ sed. imentary rocks (mos~ red beds ) separate t The p~ 'i" 

~, ~ ~-,i, 

younger deposits lie mo"':~t-q~eply buried than muc.h the Hutchinson becau ( ~ Y ' ~~ 
' b'1 westward regional dip and beveling b~ erosion of the overlying strata. ~ f~ 
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The first written reports concerning Kansas salt were newspaper articles in 

1887 announcing the discovery of the Hutchinson Salt at several localities (Taft, 

~ 
One of the earliest scientific reports was by Haworth (189, ~ report 
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19)46). 

included a stratigraphic cross section~ a map indicating areas that were thought 
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industry. -~ 
Thickness maps of the Hutchinson salt were published by Bass (1926 ), Moore ~ 

and Landes (1927), Ockerman (1932), Taft (1946), and Kulstad (1959). Maps out- ~ 
~ 

lining areas underlain by salt in Kansas include those ~l.ielR.od by Jewett and 

others (1942); Lee, Leatherock and Botinelly (1948); and Lee (1956), as well as 

~ 
~ 
.~ 

Mi~eral Resources Maps published by the State Geological Survey of Kansas in 1942 \ 

~ 
and 1951. 

'½ 
~ 

V 
Stratigraphic cross sections of Kansas salt are included in publications by v \ 

~ \ 
~ 

Phalen (1919); Darton (1921); Kellet (1932); Norton (1939); Edson (1945,1947); ~ 
t 

Taft (1946); Mahe r (1946); Lee Leatherock, and Botinelly (1948); Lee (1949, 1953, 

~ 
1956); and Kulstad, Fairchild, and McGre gor (1956). Reports that contain strati-

graphic information concerning Kansas salt in text oo~ He+s illus+~Q,t~:ci include 

those by Cragin (1896), Ver Wiebe (1937); Hoore, Frye, and Jewett (1944); .Moore 

and others (1951); ano Swineford (1956). 

L, 

~~ \ 

~~r? 
~i'~? 
~~ 

Reports on mining methods and r efining of Kansas salt were written by 

Bailey (1902), Taft (194b), Nexon (1950), Inman (1951), and Bowdish (1951). 

Exceptional mineralogic features of the Hutchinson Salt were described by Kleihege 

(1948); Runnels, Reid, and Schleicher (1952); and Swineford and Runnels (1953). 

Dellwig (1958) and Snyder (1960) reported on plastic flow of rocks in Kansas salt 



\ 
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mines. Reiser and Tasch · (1960) investigated bacteria from the Hutchinson Salt, 

and Tasch (1960) described fossil plant fragments from the member. 

\ A/kno.s1,!d.gema,nte--
v • v 

Gratitude is expressed for the help and encourage~ent fro~ John Imbrie, 

~ Henry Ley, andy Floyd Preston dt1-Pi'4g ±be 0.0-ttola~rnent of rehe +iheot ettcal 
)..___ . 

~ 
..,a.s,pe~t~ of, thi s. re.par¼ Re::,ee!f10A ~1"~ "'ttrnffl'.f' Lh~ Qf ~f., Louis 

,-

Dellwig, ern.?Tls1 • Ralph H. Ki, E. J. Zeller a~. R. C. Moore ~:ricv,ee%' 

0 
-portions's of""tli~ I er,~ • P~e of the I_'1ining and_ Met ill B,pg~.cal 

'l.i.4- ·· -
E_ngineering D~.1<.Jm}].,y~ty of Kansas grat1.t&d...J1se of. e9uiB!IU, □ t ~r 
~~ ~ tVTo/11 rs:ustewt,.LY ~ 1 

~~W..~f---rot:k""'samp1e'sr Paul C. Franks i~~~4 
~~~ 

several ~pechnen::; with x-ray diffraction. 

~ D. M. Hunt of the Independent Salt Company, Kanopolis;~ Otto Rueschoff 

of the American Salt Company, -Lyons; and-. Leo Reid of the Carey Salt Company, 

Hutchinson, kindly granted access to the salt mines. Help received underground 

from the miners, too numerous to be named individually, is also acknowledged. 

Me-tJig,aS-X ~ - and spttt"-G~ s ~orma,:t,i-0.Q. 
"C7 <:...::.> ---

Study 
,- , 

of Ka7sas ft was limited to~~ubsurface data be:~use of the c9..mp'iete 

,,,./ / ' ~ / .,/ 
• The two source~/ f;f information. are ,,,,-t'he logs of t thousands 

. /' ·J// / 

have been dri1led through the sa1t deposits in search for oil and 

., 

dJ 



salt in' =-

"'\ 8 ·ck ' /,_.M, 
s and ':the7xposur ef"' · \ /4-~ \ . in the t _bree salt • ,...-: --•., '- .,...,mfies in t-

Kansas (Fi , l) \.....,..../ lw._!Jutchinso-;J 

g . . 

~oil and 

The stratigraphy of the Kans as salt beds and their associated strata was 

derived chiefly from the correlation of key beds as revealed by wire-line logs 

(electrical and radioactivity logs) of holes that pass through the salt de posits 

(Pl. 4 to Pl. 11). Methods of detecting salt strata from t hese logs are discussed 

by Kulstad (1959). These logs combined with sampl e examination provide the most 

refined data available concerning Kansas salt stratigraphy. Sa~ple logs and 

drillers logs were use d fo r areas where wire-line logs were not available. 

,I\\ A • ~0\ 
ifSal \.Jnf $§,cJ -~~ -' 

mines in the Hutchinson Salt Member offer the only opportunity -
for direct observation of any part of the Kansas salt deposits. Samples for pet-

rographic study were collected from various parts of each of the mines. 

STRATIGRAPHY 

Introduction 

Three main ·salt deposits occur in Kansas: (1) Hutchinson Salt Member of the 

Wellington Formation (lower Sumner Group), (~ salt beds genetically related 

to the Stone Corral Formation (upper Sumner Group), and 

related to the Blaine Formation (upper Nippewalla Group) 

(3 )r salt beds genetically 

y~'J1 
(Fig. 2t. Stratigraphic 
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__ classification of Kansas .rocks is based chiefly on outcrop exposures. Inasmuch 

as Kansas salt deposits do not crop out, their stratigraphic classification is 

dependent upon tracing outcropping beds into the subsurface to a position where 

they are interb -2dded with the salt deposits. Subsurface investigation indicates 

that there is a genetic r elationship between all of the salt in any one deposit; 

bod1.P.! 
nevertheless, bMed on 'hhe-tra.ci,1g of· k-ej 1eu~i~, each of the t hree s alt d.i f-l e, it::. 

Vl..$-,,,<.,-4..a.RJ,.. 

~;.;J, ~ ~ )✓.',;I ~ }L 

transgresses oer atieR ii~~, some of which~ formational boundaries. In 

this report each salt deposit is c cnsidered as a complete entity. For example, 

the salt genetically related to the Stone Corral Formation is referred to as 

11 Stone Corral" s alt although in some areas part or all of that salt deposit 
) • 

seems to be a part of the underlying Ninnescah Shale. 

Stratigraphy of the Hutchinson Salt 

. -The Hutchinson Salt Member is by far the most complex of the three salt 

bodies. As used in this report, the member includes all salt beds in the Welling-

ton Formation and the nonhalite strata interbedded within the salt. Based on this 

-ii.a ~l~t..v...~ :S~fM~ 
definitio/~ is a cpmplex heterochronous succession (based on superposition of 

beds) of intercalated salt, anhydrite, and shale as much as 700 feet thick in 

Kansas (Pl. 1). Salt of the Hutchinson Member is interbedded with associated key 

beds that laterally lie either above or below the salt. These associated strata 
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must be considered in an investigation of the HutchL'1son b.ecause their relationship 

with salt beds as well as the succession in which they were deposited reveal~the 
J ) · '\ 

. 
conditions that brought about the deposition of the salt ~pcatt. Rocks included ,,. 

in the Hutchinson investigation range from the base of the Barneston Limestone 

(Chase Group) to a position r:ear the contac t between the Wellington Formation and 

the Ninnescah Shale (Chase Group)(Fig. 2). The area of outcrop of the Chase and 

Sumner Groups and area underlain by Hutchinson Salt is shown in Fi gure 4. Regional 

dip of the rocks is to the west about 20-30 feet per mile. 

In this report this succession of beds is divided into four J,.;i+bostr ~t)gPipAi~ 

units. In ascending orde r these are: (1) carbonate-shale unit, (2) sulfate-shale 

unit, (3) Hutchinson Salt Member, anci (L) thick shale unit (Pl. 4 to 8). Because 

M "}·!. ()/1R..,_ i"l tP{ 
the boundaries betr,..·een these h-i;t'!eetr:e:t:i-grw,;l.j,s,J"&>rF-01ati gn liA.es

1
i e sta::ilished by 

well-defined key bed3J their stratigr aphic classification is indefir.ite. Their 

approximate stratigraphic position is~;;:_~~ the discussion that follows. 

Rocks chiefly in the Chase Group 
-b 

/,A -

Carbonate-shale unit -- The ca~bonate-shale unit is chiefly an alternating 

succession of shale and limestone or dolomite with a few beds of anhydrite. The 

base of this unit is arbitrarily placed at the base of the Barneston Limesto, 

although this general pattern of alternating beds extends much lower stratigraphically 
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(Fig. 2). The top of the carbonate-shale unit is placed at the stratigraphic 

position that divides the unit from an overlying succession of shale and anhydrite 

beds. On the outcrop this position commonly divides the Chase Group from the 

overlying Sumner Group. Carbonate beds in the unit are as much as 50 feet thick. 

Shale beds are as much as 20 or 30 feet thick. Representative total thickness is 

300 feet (Pl. 4 to 7). 

Rocks chiefly in the Sumner Group 

Sulfate-shale unit -- The sulfate-shale unit, which overlies the carbonate-

shale unit, is an alternation of shale and anhydrite or gypsum beds. In some 

areas a few beds of dolomite or limestone are closely associated with the sulfate 

beds. In general, the sulfate-shale unit forms the lower part of the Wellington 

Formation~ The shales in this unit are 10 to 20 feet thick and the sulfate beds 

are 20 to 30 feet thick. aepresentative t hickness of the unit is 250 feet (Pl. 4 

to 7). 

Hutchinson Salt Member -- The Hutchinson Salt Member, as used in this report, 

includes all of the salt beds in the Wellington Formation a~d those nonhalite beds 

interbedded with them. The unit overlies the sulfate-shale unit. Throughout most 

of its area it is chiefly salt but contains many intercalated shale and anhydrite 
J 

~~v{... 
beds. It is not a single layer of salt nor is it a succession of layers o.£ ... wAie~ 

j 
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each l ayer has relatively wide areal distribution. The area underlain by any 

~ t\-a. M~ 
single salt bed within the unit is relatively small compared tQ 1~8• und~rlain by 

.....,~ 
the unit • ii a o~ele. 

I\ 

The distribution and thickness of the 

Hutchi nson Salt Hember in Kansas are shown on Plate 1. 
1'.Jl./ 
Jhic Y. ness is more than 

700 feet in some parts of the State. Depth of the Hutchi nson below the land sur-

f ace is approximatel y 400 feet al ong its eastern edge and approximately 2,000 feet 

~ 
near its western edge. The eas t edge of 

/l 
the salt body has been dissolved by gr ound 

\ 
\~ 
\) 
~J 
f ~--
i ~ 

water. According to Charles K. Bayne, State Geological Survey of Kansas (personal 1~:' ~ 
" let 

~ \, I 
communication 1960 ) sinks or depr es sions a t the surf ace mark in par t the eas te r n J ·~\l 

) ) ~ f"t. _, 
l, .: Q \' 

boundary of the member. The rest of the Hutchinson does ncit appear to have been ~ ~l /I 
altered by ground wat er since i ts deposition. •f 

\ 

The Hutchinson is predominantly salt t hroughout most of i ts area in Kans as 

(Fig. S). In the sout hwest part of that area , however , the member is mainly 

t ' 
anhydrite (Pl. )3') , and thickness and percentage of sal t in t he member at that 

place i s extr emely variable. 

~ ~:;]?;;;-;~;_g;·apidc I e~~ +; oosbi pe The Hutchin son Salt Member is a 

r elatively large hete rochronous s t r ati graDhi c unit t hat , within any one area , 

contains sever al l i t hologi c subdivisions. In t his r espect i t r esembles a 
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magnafacies (Caster, 1934; Moore, 1949 ; and Teichert, 1958 ). Evidence of this 

stratigraphic relationship is found in the logs of~ thousands of holes that 

have been drilled through the Hutchinson. Detailed stratigr aphic relationships 

of small parts of the Hutchinson can be depicted in cross sections constructed 
7 
' I - J-

from these graphic logi (Pl. 4 to 8). 
';) \.vr~ 

These illust r ations ~pie L bhe "typical 11 

-? 

local stratigraphy of the Hutchinson and pt associated strata . lro'11~ jiJ e!l<t.Ce 

~~~e4~!m'trti~ •~~~!~ 'm'!'MfflatI<5a:t1y if ~be 111\!stration 

• ! J ' !!. 15e, cc ~11: s~eei,..ffl'.'t' e&'1""6~w ·~ll "' ' }I 11§1.t:!0. (.H g. 6). Many key beds can be cor-

related only for short distan . c,,-,,d!G.,l.un,.,,. sl,,..,....., ~!l.._\o,, 'tl., a' 
- Cd..L88 ased lit pl-ete"S . ces' he nee, the .. ~M,,!!'F'3'i4K.QO~.Qet.t ... ~ l.~ei,,c:l':•m~~~"'M"!-~-----

~ :,e,~,J.-,c.. . r , <- ---;::-i 
~~,a•e ne~-e,>s~::~t::-..:~::-.:_~• ~:-:~ ~:zcs& .,.~n 

' 

-~~undred 
/

, ,.. _,., / ,,' , ,,,.., 
/ ~ .,.,,.. .,., . ,, 

/ / ./ ,,.. / .. , / 
I _.- ,., _ _.. _ _____ / 

~ ,, ,,,,,,. ~.--..-
___...L- ~·----------

Based on~ correlation of key beds individual salt strata within the 
/ 

Hutchinson are imbricated with respect to each other and have an oblique relation-

~~ 
ship with the upper a."1d lower boundaries of the salt body ai. a ulnJ..ao1 Superposition 

~ ' 

of beds ~~~t the salt~ is~~ 8 wi.il"l progressively y~unge r to the 

south and west (Fig. o)/ bht rm,-~c all_:1 the direction of this age progression 

~} 
may be reversed. Intercalated anhydrite beds in the lower part of the Hutchinson 

at one location (log C, Pl. 6) are correlat ed with anhydrite beds in the upper 
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part of the underlying sulfate-shale unit in other locations (logs Band D, 

Pl. 6). Shale beds in the upper part of the Hutchinson in some places (log A, 

Pl. 6 ) can be traced into the thick shale unit in other places (logs B, C, and v 

\ ~ 
l ~ D, Pl. 6). 

.~ 
,I'' 

Strati~hy re2.B c]ed in mine exposur~s All three mines (Fig. 4) are 

operating at or near the bottom of the lithostratigr aphic unit, but information\ ? J r 
~ • ,;, <?.;' l.>u\l'Ht) ,, :\~ \t O 

is lacking that would indicate whether or not t'f!e:, e'l:'0 e,,targti .. g,. sal~ from ~~ ~ .._l' ~ 
t, t r ~~ 

stratigraphically equivalent 'beds. In detail the Hutchi~son Sa~t exhibits~'~/ \f 01 

Lot-~l' ;t ~ ) ~ ~ / \ ·{ 
conspicuous dark a11d light layers (Pl. 12). ,In Eh ~4.P-9~ ;~~+ihe ,~s, \\)(). y-

the l ayeri~g has been destroyed a~7~~~ by post- dc~osi tional r ecrystallization 

lxike~e 'SW<tt.RJl. lt}'L.'U<--V 1 4-~ ' 'yv\_(;,.. J..,,t.~ ~~ J 

of halite. iarge crystals (6 inches or more) of halite,~~ are almost in-

variably underlain by a pocket of dark constituents.- Ol:Cili in bh-.,s-e pic..eee,. 

Stri:igers or wedges of shale c.an be seen in the upper walls where the roof has 

caved or where it has been raised to provide additional height needed for 

~~ 
machinery (Pl. 12). No shale is exposed at the levels the salt is mined. The 

// 

floors of the mines are within a few i~ches of a nonhalite bed. 
• r:>-.o . • t " k-. _/~t,; W'l/'-'tl -t!.~ ~IL<I-U -r ... -',.<: 4'-;/ 

~ fwo types o~ed Gt:3,,t ar:_if: found in[~ 0 d ~arµ..,-r.j the Hutc::inson 

Member. /()ne type is ~ in 7vei~sociated with shale beds (af-ia is £:r::.J. in all C -::J.., ,_ _..., 
V -/..~-,- -±:.,b .,, /'," /'. J y "'<#ek J,I~ 

(/; '·~\t-

\ i' 

three mines. These veins consist chiefly or{i;A,n],tained halite (Kler48), 

~/ ~f✓,,.;l- . 
> Q, ~;~#ll'j / ;-
.h.1# i' - .I - ~ ,. C: 
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f second type occurs 

(J;;..,-,2/ 
1q 

~~blotches or blebs within the salt beds ~ {jrrcl. 

ti_©·· 
~ - kt: nurd~ ~ in .,.theTIHutchin.son mine fist, bhe Carey Geib Gomp;;r::w . 

- 1' ' 
"\)'<~1JJv,\ 

The ble~ are &"u ____ ..--~ nct'arnJ!dWITT'J'e--4-t.f~miRe..r:_~ 

polyhalite. 

In general, the strat\graphic section is the same t hroughout any single 

mine. A general desc r i ption\of the stratigr aphic section of each of the three 

mines is presented below. 
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Partial section of the Hutchinson Salt in Hutchinson mine (from top downward) 

Thickness 
feet 

(1) 
• '1:-) 

Shale, dark blue gray, ~¼r anhydrit~; horizontal stringers 
of brown salt, vertical fracture fillings of red halite. Locally 
this bed penetrates downward into salt as much as J feet; commonly 

exposed t ".1 ickness is less than .....•.•••••.••••• .o.5 
(2) Salt, brown, similar to int erbedded stringers above ..••..•.. 0.2 

(3) Salt, clear to cloudy, contains dark t~y~rs, especially prominent 
0.3 feet and 0.7 feet below top, darf;in:P.i.usions are also dispersed, 
layers as much as 0.3 feet apart. . . . . . . . . . . . . . . . . 1.6 

(4) Salt, prominent bed free of dark i nclusions . • • • . • • • • . . . • 0.5 

(5) Salt, two white beds separated by a dark layer ••••.•. 

d (,ll . 
(6) Salt, dark impur ~s layered and dispersed, halite crystals 

cloudy . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . 

• • • 

(7) Salt, l ayer ed but not prominently, dark layers less than 0.1 feet 

0.2 

o.8 

apart. Position is at or near top of mi~ing level. . • . . . . • 0.5 

(8) Shale, relatively prominent bed, less than. . . . . . . . . . . . 
(9) 

(10) 

Salt, halite crystals cloudy and clear , dark i~Ji~b:ies layer ed 
a~d dispersed • •••••••••..••••••••.•••••• 

Salt , prominent layer, dark inlf,l~if~ies layered and dispersed, as 
much as 0.1 feet between dark layers •••............ 

0.1 

2.2 

0.9 · 

~" 
~ 
~ 

~ 
~ 
~ 
l 

J 
.., 

~ 
~ 
\\ 

{ 
(11) Salt, prominent bed free of dark impurities, two dar-k layers at 

base, halite crystals clear and cloudy. . • • . . . • . . • . • • 0.3 

(12) Salt, like (11) except dark i~es are more dispersed .. 

(13) Salt , dark in&i~J¾~ns dispersed but localized enough to give 

o.4 

Li 

~\ 
~ 

(14) 

(15) 

. . . 

l ayered appearance ..•.•................ . . . 
Salt, layered, halite crystals cloudy f or most part; as much as 
0.l feet between layers ...••.....••••....... 

Salt, halite crys tal s cloudy, dark in~ns found only in blebs; 
base is a prominent dark layer .•...........•..• 

(16) s·alt, massive, some suggestion of layering of :L'llpurities prominent 

0.3 

o.4 

0.9 

but discontinuous dark layer 2.6 feet above base . . • • • • • • 5,3 

~ ~ 
~ \ 

~' 

I 
I 
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Partial Section of the Hutchins on Salt in Lyons mine (from top downward) 

Thiclc.1ess 
feet 

(1) Salt, halite crystals for the most part clear, dark constituents 
segregated i nto layers 0 . 05 to 0.3 feet apart . . . . . . . . . . 3.0 

(2) Salt, halite crystals cloudy, several minor or su~__ged layers of dark 
constituents , most of which are concentrated near the bottom of 
the unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 0 

~ c-_.lfv,:L .. (3) Salt , halite crystals generally clear, dark c~ents segre gated 
into subdued layer s , thick:1ess between l ayers as much as 0.3 feet; 
base of unit is top of prominent dark layer. . . . . . . . . . • 3.2 

(4) $,alt , halite crystals more cloudy than in (3), layers of dark 
cl~s more prominent than above , thickness bet ween layers 

somewhat less than above . . . . . .. . . . . . • . . . . • . . • 4.6 

Partial Section of the Hutchinson Salt in Kanopolis mine (from top downward) 

Thickness 
feet 

ot,\ a, 

(1) Salt, halite cryskls clear, very sparse dark c~ts , no 
apparent r egular layering . . . . . . . . . . • • . . . . . . . • 1.6 

(2) Shale, dark, penetrating underlying salt as much as 1 foot 
prevalent thickness .............•.••..• . . . 0.2 

(3) Salt, halite crys tals clear with cloudy cores, dark constituents 
segregated i :1 to l ayer s as much as 0.2 feet apart . . • . . . . • 3.1 

(4) Salt, prominent white layer similar to (1) . . . . . . . o.4 

(5) Salt, similar to (3), thickness between layers as much as 0.3 
foot •..... . . . . . . . . . . . . . . . . . . . . . . . . 3.9 

(6) Salt, prominent white layer • • . • . . • • . • • • • . • • . •• o.4 
,..J /J.d .\J'IM.bl.( ;\l-; ~ 

(7) Salt, halite crystals clear and cloudy , dark c~t~ seg-
regated i nto prominent layers as much as o·.3 foot apart • . . • • 0.5 

~ 
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~ograpEY -- Several specimens of rock salt were collected from each 

+~ 
of the three mine1/ Polished i~i&@eii' oLt.hes,e~r..,:i,mgps werQr::r&b.••9e},sut:t,~ >e: 

oin&culsr""mi""cl•coeepa., aJ:f t~ sections ~Y1iii tb..,a. ge trographic 
~ I ---

~ope. The nonhali te water-insoluble residue~ of a few speci mens were 
J t1 

analyzed by x-ray diffraction by,,,,-Ps~~~~r:ta'!m~~,_j~..-.;liQi~~,.a;;i~ ~ave,,,,,_,."'1" 
• 

XBiHHWk .. 

The chief constituent (90 percent or more) of the salt specimens is 

halite«,~except for minor amounts that have recrystallized-"' the halite is ··\ 
~ ~ ~ 

- ~ .. - _,,_, ....... ·..-··•·,...., ....... ~ ..... - . • 1- ~ 

"'1~0P3~Y segregated into crystal thick (Pl. 13). The 

cryst als range up to 3 centimeters in length and are elongate normal to the 

layering1 -btt't- .::,_ithin single layers interlocking crystals give the rock a 

mq~aic texture. Many crys tal s have cloudy chevron-shaped structures in their 
/li 

centers with clear overgrowths (Pl. 13). Cloudy halite a~pears l ight in the 

mine face, and transparent halite appears dark. 

Nearly all the minor constituents are localized in clusters between 

·h 
\1 
~ '-\'~ \-~~ 
~ ~~ 
v ~ 
\~{ 
" \ 

~ t~ 
\) •\, { 

\'\ 

~\~ 
'\ '\ 

-~ l ~ \ 

. 'i l -~ \ i 
~ ·~ \N '~ \ \1 

the crystals of halite. The individual clusters , which are co~.monly less than . 

1 millimeter in diameter, are · grouped in irregular layers. Anhyorite, hydro-

carbon, clay minerds, and pyrite are the main constituents of the clusters . 

/ ,~-• ~ • ,.,.,~ d 11t -e,/_, ') 
Polyhalite /:r.ras f o11rd :i:-R ' veinlets in a part of the Hutchinson mine. 

""- .... ~-
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Thick shale unit -- Several hundred feet of undivided terrigenous sediment 

.A 
overlie the Hutchinson Salt. @t<t~ lower [~ '~t!ees:tlon, wt'.l'f't!?r~ gray 

shale is the upper part of the Wellington Formation (Norton, 1939; Swineford, 

A #f 

1956). 8P~7uppef~ is the overlying Ninnescah Shale. The 

Wellington- Ninnes cah contact usually cannot be picked on wire-line logs; hence, 

parts of both f ormations are included in this unit in plates 4 to 7. 

Stratigr aphy_ of "Stone Corral" salt 

These salt strata underlie ·most of the southwestern quadrant of Ka nsas 

(Pl. 2, Fig. 7). The stratigraphy of this salt deposit is much less complex 

than that of the Hutchinson Sal t,}~e,.q,~~1,t.,,,..0-~~st~er 

~verty•"'~~es--•{Pl. 9 .(o '{ 1). Thickness indicated on plate 2 includes 

the Stone Corral Formation and all genetically related beds. Shaded areas are 

underlain by 11 Stone Corral" salt. Because the Stone Corral Formation extends 

beyond the edge of its genetically related salt beds the line ~marking the 

J 
edge 

of the salt does not represent the zero contouy t1·1fuJ~a,~ J 

Op the outcrop the Stone Corral Formation consists of a relatively t hin 

{6 feet) bed of dolomite (Fig. 2), but in the subsurface the formation is best 

known for its one or more anhydrite beds whose composite t hickness is as much as 

\ 
50 feet. Salt genetically r elated to the Stone Corral Formation cons ists of two 
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main beds. A lower salt bed lies .below ... ""t.iat j,F oe,!'l"El"i'!~!Q~b-

"6Hr~~~~&Pa ... .aia• the base of the Stone Corral Formation. In some areas 

-t,.o 

this salt is in contact with the basal anhydrite beds of the Stone Corral and~ 

4~e ve1~ser::od ;~ separated from the Stone Corral 
~ 

by more than 100 feet of 

'\ 
intervening sediment. 'I'wt11i.Qi:H-y ~his salt bed is a part of the Ninnesc ah Shale, 

her-e... 
but i-ft this r~oort :iJ:. ts included as a part of the • . ~ 

total 11Stone Corral" salt. An 

upper salt bed lies between anhydrite 
Ir 1 )' r RJ"' r A 1:,,-a ~~~ 1 ""~' 

c,.,'l(,,J 
/') 

strata usually included 
/! ,''\ 

vpp,-,-- ? ; 

in the Stone Corral. 

_mrt'is ~ part of the total 11 Stone Corral" salt deposit than. is t '1 e lower 
·1 

~alt beer (Pl. 9, 10, and 11). Relationship between "Stone Corral" salt and 

Hutchinson Salt Member is shown in plate 7. 

::. ---- ------------
-1l'!"fef~e is ±,e,m~- tJU C44l&1'\, J;rt.m1;en upper and lower "Stone Corral" 

. ;:4- n /;' ~ o v t> r /,,";P 
for the most part t~ 

- C? .,= < ➔ 2 -~,.JI\ 
~~elusive. The lower bed is 

limited to the southeastern part of the area underlain by the 11 Stone Corral" 

salt in Kansas (Pl. 9 and 10). The upper salt bed extends farther north and 

west (Pl. 11). Greatest total thickness (Stone Corral Formation plus relateEi 

salt) is more than 250 feet and is found along the Kansas-Oklahoma state line 
I 

,' 

within the area where only the lower bed is present. It should be noted that 

this thickness includes significant amounts of shale and anhydrite. 
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'\ [J/,,_,;, -e I# Stratigrapl1x of "Blairie""sal t "'~• 

-?"'Jc r/3}_~ ,t , -;- e--/,'- ~(,,-/-' ,r~,, ,t-- r"' / IIC /<, ,/ i' ')",df- /,.-./; 

These !!>@lt, s~ ~ several separate deposit-s...., in Kansas 0 ~ 

nray corn:re-.:,t-~oi<le tbe S~(Pl. 3, Fig. 8). Like the "Stone Corral" sal]the 

stratigr aphy of this salt deposit is much less complex than that of the Hutchinson 

Salt 'aM,:crn'"h~ -1:ilust'r'"a te a0 

~~ti, re ~( Pl. 11) . &iii fr the 
~ -

most widespread "Blaine" salt deposit underlies more than two-t2::,'.t o'f.i ML~~~ ~-tl 
(ffi_4 __ l> c-~~~.-~_tv ~ 

Colorado :rl at- e,-, i ;..r,;,,...and extends eastward more than 60 miles into Kansas . ~ other - -

/ --
smaller deposits are located to the southeast. Thicknesses indicated on Plate 3 

' "\ 
~ 'ff,a, ~J.-(,il, CJ,,P,.~ 

include the Blaine Formation and all of its genetically related salt beds. Shaded 

areas are underlain by "Blaine" salt. Because the Blaine Formation extends beyond 

the edge of its genetically related salt beds, the line jlfmarking the edge of the 

salt does not represent the zero co:1tour_.-r/ f,<o f-'VY'--t.::tz----a:..-.. . 

On the outcrop the Blaine Formation consists of one or more gypsum beds 

(Fig. 2). The formation can be traced to one or more anhydrite beds in the sub-

0 ~::...tac::. Stratigraphic relationships between the Blaine and its genetically 

related salt are analogous to those between the Stone Corral and its salt. The 

_; 

"Blaine" salt is divided into an upper and lower bed. The lower bed lies directly 

below anhydrite beds generally accepted as basal Blaine Formation (Pl. 11) . 
. ? ~"'-... ~-1t ... _, .. ..._...,_~ .. ,.....~-...~ .. .. ,__. , .... --~---

J.J ~ -----------
ii kn·: rP>-, °Ihis lower salt is therefore part of the underlying Flowerpot Shale 

(Fig.2). The upper salt bed lies between anfiydrite beds in the Blaine Formation 
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(Pl. 11). 
I\ / 

Each bed is an integral part of the total "Blain#salt deposit. 

There is relatively greater overlap between upper and lower salt beds of 

"Blaine" salt than between upper and lower beds of "Stone Corral" salt. Greatest 

observed thickness (more than 600 feet) was f ound along the Kansas-Colorado state 

line. 

DEPOSITION OF EVAPORITES 

:~ 

{v" rv 
{ / ~ 

• 1 Ii 
0~ ,,ti .f [itf Introduction 

l' \Y 
If it is agreed that large salt deposits such as those in 

as a result of the evaporation of sea water and not by some other process (for 

example magmatic intrusion) the events necessary to cause sodium chloride to be 

precipitated from sea water as a result of its evaporation must be accounted fo 
./~//'!'~~; 

in any postulated process set forth to explain the origin of Kansas salt. 

as ·there are no places in the world today where eva?orite de position is proceeding 

0 bv1*~ /4 "''';f/~;,tP 
at the scale it was during the deposition of ancient salt beds (Richter-Bernburg, 

1953) many of these events can be determined only through deductive reasoning 

without of :thl4 evidence. The / 

who 

time climatic condit"ions produced a ne 

Hemisphere. 

\ 
of reas~ 

glaciated duri~cene , 

in snow acc~lation in the Northe~'ii 
._.,,,, 
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The present investigation, like most others of ancient evaporites, assumes 

that the composition of ancient sea water was the same as that of modern sea 

water. Rubey (1951, p. 1114) after a~ exhaustive study of the problem states 

11 ••• the composition of sea water and the atmosphere varied surprisingly little _ 

since early geologic time.• Modern sea wate\, .!:_s a 

with \spect to ~t all of i~solved s~\ . 

relativriy dilute .50 

.\ \ 
It is thenefor¢ conclude~ 

~ 

the pr~ipitation of ~e dissolved s~s from ancient 

~ 
'I. ' IX \, 
~ • \ 

\ ' 
result o _vaporation and not from some other process 

\ 
brine) . 

sea 

(for i 
a,,s chiefly the 

~ple}6cling the 

r -7 r: p 7 p.J t-j., 
1 Seemingl~ the only (E_ata showing the results o!J evaporating se;i water to 

~ 
drynessGomes from aiJexper~ment performed by Usiglio in 1849 . The data from 

/ 
this experiment are presented in Grabau (1920)~and Clarke (1924). In the course 

of his experiment Usiglio periodically separated the salts that were precipitated 

from the brine used in the experiment . As Phillips (1947) noted, this prevented 

the formation of certain t ypes of salts that may form under natural conditions 

of evaporite deposition. The data, nevertheless, illustrate several phenomena 

yuL 

'-/UA,..L.-4-d,U 

ll1;ll, 

[ ~ 

that should occur under almost any circums t ances in which eva;::ori tes are precipitated 

from brine. derived from sea water and are accurate enough for the purpose for which 

they are used in this report. 
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Reaction of sea water to evaRoration 

r------
When a specified volume of sea water is evaporated to dryness, three 

changes take place during the process: (1) volume reduction, (2) density inc~~ 
\ 

and (3) precipitation of salts. 
. "-._;, 

Tha...degree of evap~ion cf ~ea-~n be ex-

L,._~.~ k~ I 
pressed as ~hA,percent of water lo} or 100 times the weight of water evaporated / 

divided by the weight of water present before evaporation. For example, a liter 

of sea water contains approximately 987 grams of water .and approximately 38 grams 

of dissolved salts. If 493. 5 grams of water were evaporated from this original­

lA..-j )fl-~ I \.i-'... /". ~ 
lite~~ ~ the water loss or de gree of evaporation would be So percent. In Usiglio 1 s 

,1 
dat a partial evaporation is presented by recording the volume of brine remaining 

from an original liter of sea water (Clarke, 1924). In this report these data 

are converted to degree of evaporation expressed in percent for better graphical 

presentation. 

Volume reduction 

The relationship between volume of remaining brine and degr ee of evaporation, 

based on data from Clarke (1924), is shown in Table 1. These data, presented 

graphically in figure 9, indicate that the volume of remai ning brine is almost 

inversely proportional to the degree of evaporation. 
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Table 1 

Relationship between volume of remaining bri ne and de gr ee of evaporation of a 

liter of sea water. (Data from Clarke, 1924, by calculation). 

Degree of ~va.por-at i()_~_i!!__l)_ercent 

o.o 

47.2 

69.2 

76.5 

82. ,J 

86.7 

88.2 

Volume of r emaining brine i n 
'thetts-a.BGtl:Hr o.f=~ l-i~ r r G.,,-

1000 

533 

316 

245 

190 

144 

131 

90.1 

~~ 
112 

91.7 95,--

94.5 64 

96.7 39 

5 " l , _.97 .- ·; : u 30 

98.1 23 

98.8 / i6 

100.0 00 

_; 

~ • M~ ·, ~ :. ~ <fi Cu 

~ - w·t- I -I t./"'07) e,c,.. 

~- 4,?'2t£ 
10~"·~~ 
__........./ 

~cr""'o4 

% w\- . ~1-0~ -j/0, - -7!! ~ $,IJ~":Jb ---1 • • -
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Density increase 

) 
The relations9ip between density of brine and degree of evaporatio c1 is 

sho~m in Table 2 based on data from Clarke (1924). These dat a, presented graphically 

in figure 10, indicate that the density increases almost exponentially with degree 

of evaporation. There is an i mportant anomaly at the point of saturation of the 

brine with respect to sodium chloride (approximately 91 percent degree of evaporation), 

resulting from the precipitation of this domi nant salt in sea water. If sodium 

. rA:_/,,,,A,,,/ . . 

chloride were the only salt in sea water, evaporation could not further i ncrease -- ... 

the density of the brine after it became saturated with respect to that s alt. 

Precipi t ation of salts 

The relationship between volume and type of salts precipitated and de gree 

of evaporation is presented in Table 3 based on data from Clarke (1924). These 

data are presented graphically in fi gure 11. It is convenient to classify the 

precipitates from sea water in groups according to the order of precipitation of 

predominant salts. This order is as follows: (1) calcium carbonate group (0-76 

percent degree of evaporation), minor precipitate iron oxide; (2) calcium sulfate 
_; 

group (76-91 percent degree of evaporation), minor precipitate of calcium car-

bonate; (3) sodium chloride group (91-99 percent de gree of eva?oration), minor 

precipitates calcium sulfate, magnesium s 1.-:lf~te, magnesium chloride, sodium 



i 

35 
,,. 

Table 2 

Relationship between density of brine and degree of evaporation of a liter of 
~Y? 

sea water. (Data calculated from Clarke, 1904). 

~% l,IJ"'l>,-\1,--. ~-V~" Pensity of brine in grams 
Degree of evapor2tion in percent per milliliter 

o.o 1.0258 

47.2 1.0500 

69.2 1.0836 

76.5 1.1037 

82.0 1.1264 

86.7 1.1604 

88.2 1.1732 

90.1 1.2015 

91.7 1.2138 

94.5 1 .1.2212 

96.7 1.2363 • 

97.5 1.2570 

98.1 1.2778 

98.8 1.3069 

100.0 ------

.; 
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Vtl YIPt.lS ,S.::;,//~ 
Table 3 

Relationship between~ and vol ume of salts that are precipi tat ed and degr ee . of evaponation of a liter 

of sea water. (Calculat ed from Clarke, 1924). 

De gr ee of 
evaporat i on 
i n percent 

o.o 

47.2 

69.2 

76.5 

82.0 

86.7 

88 .2 

90.1 

91.7 

94.5 

96.7 

97.5 

98.1 

98.8 

100.0 

Fe 0 
2 j 

0.0006 

VOLUME AND TYPE OF PRECI PITATED SALTS I N CUBIC CENTIMETERS 
Caco3 CaS04-2R2o NaCl MgS04 Mgcl2 NaBr Rel Cumulative Total 

0.0237 0.0243 

Trace 0.0243+ 

Trace 0.0243+ 

0.0195 0.1892 0.2330 

0.1899 o.4229 

0.0622 o.4851 

0.0541 0.5392 

0.0172 1.5078 0.0015 0.0034 2.0691 

0.0499 l.i.4614 0.0049 0.0157 6.6010 

0.0236 3.6505 0.0098 0.0187 0.0227 10.3263 

0.0049 1.2131 0.0065 0.0064 0.0112 11.5684 

1.0504 0.0095 0.0103 0.0162 12.6548 

0.6500 0.2023 0.0118 0.0193 13 ~15382 

l.1967 o.6972 1.3609 0.1030 0.2691 . 17.1651 
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bromide; and (4) bitterns (99 to 100 percent degree of evaporation) a mixture of 

potassium, magnesium, and sodium salts none of which is predominant. Indicated 

degrees of evaporation are approximate. 

If the rate of evaporation remained constant the process of saturation of 

the brine with respect to a new group of precipitates would automatically in-
~ --··--

( crease the rate of precipitation. For example, if the brine were saturated with 

?iso 
\ respect to the calcium sulfate group, approximately~25Q milliliters of water 

.would have to be evaporated to cause the precipitation of 1 cubic centimeter of \ 

salt5s. • . , iJhen the brine is saturated with respect to the sodium chloride group, 
J 

I 

only about 8 milliliters of water would have to be evaporated to precipitate the 

same volume of salts. 

Mechanics of evaporite deRosition 

The interpretation of the depositional history of large salt deposits 

/u~~ 
encoQ~ters two major problems. (1) The~ volume of sodium chloride groupj salts 

that can be precipitated from a specified volume of sea water is very small (about 

/'' ,r ,,/" 

12.5 milliliters per liter). 1h1s_._! ~3.!: is·~ ell known /and h~s been t ·aken int9.,-/ 
.,,. -r:·--···-··········~·---·----./.--~-··-·--·,---.•· ......... -.,..,.,,,--···-z· ....... ~ J) /). . 

~· ,,.- / . /' /~ ' . / ./.. • 4?-<;_£4_. ·• } 

a~ i~rly afi of the pdiated proc.Lof evapOrite depos: ion. 
• - --· •·M--·>---•--........... -- •• - - .. ·•' --M•- .. ,_ , ... ,, .- .. O ~---·••· .... , ...... - .... _.,.., ,. ,,.__.~,-.. , J .... •·• .... -,~•· · ,• , ... ~!'° .. yo O • .,,.,.,_,...,. .......... - • - • •·• • -•h ""' ·• 

(2) The composition of the brine from wri ich thick accumulations of bittern-free 

I $ Y ~ u., Pl~:...>-
sodium chloride w.as· precipitat ed must ~O;.IDaiAad relatively constant (between 

,, 



in 1877 Ochsenius 
~~'.j;~f·,_w~'-,_,) 

) proposed the bar 

p . _ltD 

~~ 

theory in 

which he postulated a deep bay, or body of sea water, connected with the 

sea by a narrow and shallow channel, but otherwise cut off from oceanic 

circulation by a bar. No large streams enter the bay asd resulting in 

small outflow, but sea water~ enter.s freely to offset the losses due to 

evaporation. Evaporation takes place · only at the surface, and the up~er 

layers, thus becoming densei, must sink, so beeem~Hg producing a saline 
~ ~a.R:...Z 'b~~) ~ l-o 

concentration at the bolblbom. In this manner ~ b~ing continually spppib!i!ed 

with new material from without, tlta s:a lini1'' ~he tmy will gradually 

inc~rease until saturation is reached and the deposition of salt begins. 

S~ long as salt water can enter the bay this process will continu~ amd 

the depths of the basin will, in time, become a solid mass of salts, cov­

ered with a sheet of bittern. 

_; 

,,.· 
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91 and 99 percent degree of evaporation) dur ing the period of depos i tion. 

Maintenance of constaDt brine composition has not been consi dered in all post-

ulated processes of salt aeposition. 

~ -).. 
Three~ theories concerning the deposition of evaporite:.,,~ the bar theory, 

the modified bar t heory, and the r eflux theory~ a.re explai:1ed below. 

Bar theory 

J;ir P fan .s-eq__ 
In 1877 Ochsenius (Grabau, 1920 ) ~~.r.Lh the bar theory wherein he 

/ ' • ,-_c, .. •& ~ /:;/ J " ¢ ;t~,. ~ 
postulated that water ~~-i~:vaporat.J~;~:;::z-~p=:;;; ·'·:h~ ·~~te~a~~ • 

' ~ 1; 
l::tt-.. .,,..uyR_ ~ .A-B ... ,.u,._,)1-y::.~ ,&/,-

now...;:.....,,. "''""' eta°"""...,,; ~"""' from the open ocz • 12). If this process / 

~ere to c:s t i nu:}°~gh the brine in the b/ would b ecome sat~;;,1tf/ 

o . h,,~ ~ ·. ])15, / >:J would 7ipitated, and relat ively ~.'.'.'.'_-~1::,~~~--~_:_ __ 

\ comparativ8ly shallow basin. Almost all other theories of evaporite deposition 
~ ... _,.~-._,,,._,, _ _ __ .,..._.. ~~.~-:;;;;;;- ;..---

are variations of the bar theory. 

If sea salts were to be precipitated strictly according to the bar theory 

the composition of the brine in the evaporation basin would change 

until -it eventually became saturated with respect to all dissolved 

continually 
'-/>,+ -t I 

S alts ( Z e ii/ --pv.,_;f. ,,,.~_c , ' 1 

"' ' ' .; 

19€39). t~ that if/.. __ depth of br/in thi/e of 

l~.0'00 feet, less than 50 feet of bittern-free sodium 
s~vi 

could accumulate. 
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This relationship can be understood if it is imagined that the basin is 

made of several 1,000 foot columns of brine each of which is one square foot in 

cross section. One of these columnsis analogous to a liter column of brine that 

is l~·OOO centimeters high and is one square centimeter in cross section from which 

water is evaporated but maintained at constant volume by addition of sea water. 

For each liter of water that is evaporated and replaced by a liter of sea water ~ 
~,~o the degree of evapor~tion of the brine in the column is increased by one half. 

For example, after the firs~ liter of water is evaporated and replaced by the 

first liter of sea water the degree of evaporation of the brine is SO percent. 

Repeating the process would produced brine whose degree of evaporation was 75 

percent. Evaporating the third liter of water and replacing it with sea water 

would i ncrease the degree of evaporation of the brine to 87½ percent. • Sodium 

chloride would not be precipitated until the brine reached approximately 91 

percent degree of evaporation, and bittern free sodium chloride would cease 

to be precipitated when the degree of evaporation reached approximately 99 

perce~t degree of evaporation. After the brine became saturated with respect 

_; 

to sodi um chloride approximately 12.5 milliters of sodium chloride would be 

precipitated each time a liter of water was evaporated and would be deposited 

as 12.s centimeters of sediment on the bottom ~f the column, whose 
):: 7i ,.-I- /'.,/~ s dJ.t,.r;,.:. r .<,.I✓ .J~"f/;r 

I Ji,:,, ft,,,-1 df 15,Jl(/ty • 
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sectional area is one square centimeter. However, after the brine became 

saturated with respect to sodium chloride at approximately 9l~percent degree of 

evaporation less than four liters of water could be evaporated and replaced by 

sea water before the brine reached the saturation point of the bittern salts at 

approximately 99 percent degree of evaporation. Hence , less than 50 centimeters 

of sodium chloride could accumulate at the base of a 1,000 centimeter colUJ!ll1 of 

brine before it became saturated with respect to bittern salts, and less than 

50 feet of bittern free sodium chloride could accumulate in a 1,000 feet of brine 

if the process of sodium chloride deposition proceeded strictly according to the 

bar theory. Intcrll'j_ ttent tsolation of the evaporation basln from the open ocean 

. fa r:D{.,J ;~ :<r 
does not increase the capacity for bittern free sodium chloride deposition..---
.:5/r~,k-<.f h,-1 )<-t ; £.-(..., r1 p ~.~1-1~' --

The Kansas salt deposits are seemingly free of significant accumulations of 

bittern salts. Some modificati8ns of the bar theory seem necessary to explain 

their desposition without postulating an 

time of deposition. 

The composition of the brine in an 

unrealistic depth of brine during their 1 

1 / 7 t;, & .... 1,✓--1 
/ ~ ~~>',_ - /ec'1 - / 1 ,f ,QA ,C, /4.r-' .,r./2 ,e ~ """'-' 

A__,,, _,74-,J .r~,r / j ~ /t1<:Jl,1J-'// 
~ ·L • ,H,i./ ~/"C" '' -~e ~~~~"J. "-/4~ ~ .t,fll~I-- / /~~Jj' /~e() --p· • 

evapora~ion basin could remain essentially 
,' 

the same throughout the deposition of thick accumulations of evaporites if some of 

re~u~~~ 
the residual brine in the basin were dispJ2~~ by sea water from the adjacent ocean 

during the process of evaporite deposition. Two theories, based on the bar theory, 



4'f 
r ("_,fl~I.Ah~.,d 

have been set forth that suggest processes by which displacement of residual 

brine in the basin could take place. One is the modified bar theory, and the 

other is the reflux theory. 

Modified bar theory 

This theory postulates that the evaporite depositional area is separated 

i nto several connecting basins (Branson, 1915; Grabau, 1920). The basin nearest 

the open ocean receives normal sea water and discharges partially evaporated brine 

into an adjacent basin. The second basin discharges brine , which is evaporated 

to an even greater degree, into a third basin. This process, it is suggested, 

continues until brine is moved into the basin farthest from the open ocean 

(Fig. 13). Relatively great thicknesses of bittern-free sodium chloride could 

be precipitated in one of these basins if it received brine saturated with respect 

to sodium chloride and discharged brine that was rich in bitterns but not saturated 

with respect to those salts. In this process the discharge brine would eventually 

become saturated with r espect to bittern salts, and their precipitation in one of 

the sµcceeding basins would be inevitable. Thus a sizeable accumulation of 
.,; 

evaporites rich in bitterns would be a necessary adjunct to a bittern-free deposit ... 
of sodium chloride. The seeming absence of a bittern-rich deposit in close 

association with Kansas salt deposits indicates that their deposition cannot be 



(r,;1<;p/ lJ!1{1 :tM L v ti l S: /l 771 'jCJ:f 

~L f>id 1/1/ :I ;J ,, ~-., V;OI(''-'P/Y I //'I :J 17 7 I I 'I 711" V 1 ;.✓LPN) /,. '/)? ~ ff J_ ~ V 'u (J ;J 1-:ild; YI 
;; rU. ::I O S !1 t J I , rl t lJ d ;1 H L J tf I I-¥ Ii L S II i 't / ti C 11. ? :J1 5 S r:, d 'bl ? , t 1.-1f "1 3 t-1 --, 5 ~{,'-J 1J (I. / / ::J 

/(,svfJ 
tfllf.(YJ<Jl/11:J O)JI 11..L 



l.&, 

explained by the modified bar theory. 

Reflux theory 

0..--vV' 
The reflux theory (King, 1947) postulates .that ®ring 

.; i'"\,\':i:' )./J,1 " 

M ~f" f) I h'~.<,r \'J' l 
/J-1 t \1~ \i) / 

\ -~~/ / t' f'.1•/" ,\If • 
'I' ti'~· 

1 l r t ,, \.., t \ #s •} I 
the d epo _rt :-/ ,I ," • i 

SJ ·l.On of.- 1~,r/ 

.aBeicnt OJ.Z..'.l.parites there wa~ exchange of brine between the evaporation basin 
' 
JLA~-! . ~ 

and the open ocean in the sam~ brine circulates between present-day 

evaporation basins and the open ocean (Scruton, 1953; Sverdrup, Johnson, and 

Fleming, 1942). The Mediterranean Sea is an example of a modern evaporation basin 

because more water is remove-d through evaporation than is added by the sum of 

rainfall and runoff water from the surrounding land. Water from the Atlantic Ocean 

flows eastward through the Straits of 
bOL[ ~ c ,·,Z£ 

Gibraltar ~s-a~ ~OF the volume 

d~:j~J 
deficit in the Mediterranean. This is influx. At the same time~water from the 

Mediterranean flows westward through the same channel under the influxing water 

-from the Atlantic. This is reflux. The greater bottom pressure in the }1editer-

ranean than at equal depths in the Atlantic, which results from the higher density 

of the sea water in the Mediterranean, activates the westward-flowing reflux 

current. The process of reflux was known as early as the time of Ochsenius 
.; 

(Gra~, 1920), but it remained for R.H. King (1947) to sugbest that the im-

balance between the volume of the different types of evaporites preserved in the 

geologic record and the chemical composition of sea water was a result of reflux. 



47 
Relatively thick bitte rn-free salt beds such as those in the Hutchinson 

a.+p /.J.~.J, 
can be ..ecounteci fo4· by the reflux theory. The circulation resulting from influx 

and reflux (Fig. 14) , continually renews the brine in an evaporation basin, and 

,,. 

great thicknesses of salts can accumulate without changing the chemical compo~ition 

of the brine in the depositional area. Furthermore, this theory takes into account 

condi tions of circulation that ~l:ii~ result from the evaporation of sea water. 

In view of the limitations of the modified bar theory, the reflux theory seems 

t he only one acceptable to explain the deposition of the Hutchi nson Salt, and 

the discussion that follows is based on this conclusion. r 
Circulation of brine in an evaporation basin 

----

~--- ~·, ... - . ..... ---,.,. 

a 1 .. ;-J- · 
/ 

The exchange of brine between an evaporation basin and the open ocean is ----

/ 
) 

,/ ~-- ·-- ----- --
activated by the circulation of brine within the basin. , Although curre nts can be 

',-
----- -- -···· --- - - ------- •• ----- ---··------·•··-- ·•---•------ ---- _ _.,__ ____ _ 

activated by many agents only those activated by the volume loss and density in-

crease that result from the evaporation of sea water are consi dere~:~T-hi;dis~--7 

.
1
r:~==~:-::s:~-~:~e-;~~-:n-:~::;;i:~;:::n:n::·-;-:~::·::::aeration~::1 I 

• ) 

• --------
\ alternatives l eaves little doubt of the validity of the se deductions...-,___..---
• ✓ 

\"-.......,.,.,. _____ - .. •.-· ._.... ..... .u•-~-" .... -,.-•----···. - ..,.,.,. ,,...,_.... ,.,-•--- • .. J, .. -:· ....... .., • •• • ·· ~, •••• ..,.,._. -~- --- • _ .,_,.,. --,..,_,._,__,, ----........... .,_ ,,,_ ___ , ______ _ ,,__..,,.r ~,,,..,,-

Throughout most parts of an evaporation basin influxing brine is migrating 

~vJv-l ~ ,fl 
~ t i e inlet from the open ocean , and r efluxing brine is migr a ting in the 

opposite direction toward the inlet. This exchange of brine can be termed the 
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~9 
sea water circulation system. 

~ 
Evaporites ~ b-e- precipitated within this 

circulation system provided the degree of evaporati on of the «nrculating brine 

is increased to the point of saturation with respect to its dissolved salts. 

Influx is activated by the hydrostatic head caused by the volume loss in the 

evaporation basin. Volume loss is caused both by evaporati on and reflux. Reflux 

is activated by the increase in density of brine that results from its partial 

~J 
evaporatio~- ~0-i'~wc must overcome the dynamic barrier or hydrostatic head 

causing influx (Scruton, 1953). Within any specific part of the sea water circu-

lation system an increment of i..~fluxing brine reverses its direction and joins the 

refluxing brine (Fig . 15). This reversing current is activated because local 
✓ 

evaporation increases the density of influxing brine while it passes through that 

part of the system. The bri..~e that is expelled f r om the evaporation basin into 

the open ocean is a summation of all these local reversing currents within the 

evaporation basin. Attention is directed to the fact that reflux is locally 

activated. 

The same type of circulation system is present where fresh runoff water 

.; 

enters an evaporation basin (Scruton, 195.3). Runoff water, which may carry 
/ 

considerable terrigenous detritus, flows over the brine surface away from its 

place of addition at the strand line. At depth brine flows in the opposite direction 
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into estuaries and up the mouths of rivers. No evaporites can be deposited 

~ _,a_ is I Vc..v ~ >\..., 
in the runoff water circulation system aosl:l:l;jj,ng the runoff water eoflt e:i.t& ,eo. 

dissolved salts. 

arecL Logic dictates that in every evaporation basin there is at least one~ 

'vvto~+ 
and perhaps several fd: ag~ where@}) of the influxing brine· is either evaporated 

or reverses its direction of flow to form reflux. 
Q.,k_ Q..")A..,; 

These p~2oes can be termed 

centers of circulation, and providing there is only one inlet from the open ocean 

all centers of circulation are located at the junction between the sea water and 

the runoff water circulation systems (Figs. 16 and 17). The most highly con-

centrated brine in an evaporation basin is found at the sur face of one of these 

centers of circulation because this brL1e has been subjected to the most 

evaporation and the least dilution. The more dense brine that has been observed 

at depth in some parts of evaporation basins must have first been concentrated 

through evaporation when it was surface brine. This deep brine cannot be more 

highly concentrated than it was at the time it was surface brine and has probably 

undergone some dilution since it left the surface. Precipitation of any dissolved 

_; 

salt therefore ·begins at a center of circulation (location of the most highly 

concentrated brine), and if the depositional area is enlarged, its growth eminates 

from that center of circulation but always within the sea water circulation system. 

Precipitation could also be initiated independently from other centers of circulation 
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providing they are present. 

The slope of the density curve (Fig. 10), which indicates the increase in 

density of brine per unit increase in its degree of evaporation, is significant 

,,. 

in the discussion of brine circulation because it is the change in density of _ 

i..,fluxing brine within a given area that activates the local reversing currents. 

~!hen the degree of evaporation is increased from 9 to 10 percent the increase in \ 
I 

density is slight compared to the increase between 89 and 90 percent. This means 

that if all other factors were equal the reversing currents would l::e stronger in 

those parts of a circulation system where i ~fluxing brine is 90 percent evaporated 

than where it is 10 percent evaporated. The general exponent ial shape of the r 
~-IA..FfJ"ffH>•~~fl>•'.C,,!1--..,.-.~~ .... --'T-""-"',01,-~ ( .... ,,.. • .,._.~--~ 

density curve indicates that in-~-maa.n reversing currents are s~~~ 

~·..,_:,,,. ~ 

---~·-·~ ----~·-·--·--· --··· ~---·•··~ . ~ ----~,,.. ... -.... ~ 
(!,ne brine--fs--more highly coricenfratea·~·:-;,•r---~···--~··--. . . . • 

...-----....~-------....... ____ _..., ___ ,.. ___ .,_, _____ Ji 

The anomaly in the density curve (Fig. 10) at the point of saturation of 

the brine with respect to sodium chloride (approximately 91 percent degree of 

evaporation) is of great importa.~ce in view of the preceding discussion. Brine 

of this type should tend to maintain its own existence because its evaporation 

causes its density to increase only a sli f ht amount. When sodi um chloride-

saturated brine is formed at a center of circulation , the reversing currents 

should be only weakly activated, and its rate of expulsion from that center of . 

·.).Y 
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circulation would be relatively slow. This would allow the brine saturated 

with r espect to sodium chloride to maintain contact with the evaporating 

atmosphere for a longer time than if the reversing currents were strong. Longer 
,,. 

desiccation would further increase the degree of evaporation of the brine and so 

tend to keep it saturated. 

The upturn in the density curve (Fig. 10) before the brine becomes saturated 

with respect to bittern salts indicates that before these potassium and magnesium 

salts could be precipitated the r eversing currents would a fc ain become strong in 

the center of circulation containing the most highly concentrated brine. This 

factor would inhibit the precipitation of the bitterns and could acc ount for 

their scarcity in Kansas salt. 

Location of evapori~~_deRosition 

The area of evaporite deposition should be relatively near shore. The site 

of saturated brine is determined by the centers of circulation along the junction 

of the two circulation systems (Fig. 17). If saturated brine is to be formed the 

runoff wate r circulation system must be small compared to the sea water circulation 

system. The junction between the two systems would be relatively near shore under 

these conditions. 
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DEPOSITIONAL HISTORY OF KANSAS SALT 

Introduction 

The Kansas salt deposits offer an excellent op?ortunity to study the 

,, 

manner in which evaporites accumulated in a depositional basin. They have under- ,II 
rl) 

no w.fl''r(r,'<,_ .,..u j,J,, -abv1·,"'C 

gone only slight deformation since their deposition (P. B. King, 1951), and 

relatively accurate stratigraphic information is readily available from many logs 

of holes that have penetrated the deposits. Direct observation of the Hutchinson 

Salt is also available in the Kansas salt mines. 

Deposition of the Hutchinson Salt 

The Hutchinson Salt Member contains the oldest known deposit of sodiwn 

chloride in Kansas. The member has several features exclusive of lithology 

J-,,..-~✓ ... 

that distinguish it from~strat aGeposited prior to its depositio~ Tnese features 

can be attributeG to the special conditions necessary for sodi um chloride deposition. 

Petrogenes is 

The petrography of the Hutchinson Salt, as well as the r egular l ayering of 

the mine e:J9osures, i ndicates a l ack of vigorous currents during its deposition 

(p. 17). This lack of agitation can be attributed to the subdued circulation 

present in those parts of the evaporation/basin contai ning b rine saturated with ~., v , 
./ .,,1- I q 

Js r,il Ir J~ 
l'fr' j' I ,-I ,rt~ V 

:P;f.(,:J4r-r ,_,;I h' 

respect to sodium chloride. 

~ 
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Halite -- Primary crystals of halite appear to have undergone two stages of 

crystallization. The first stage is indicated by the cioudy chevron-structures in 

the centers of the crystals and the second by the clear overgrowths (p.21). 

Dellwig (1955) observed similar structures in halite crystals of the Salina ~alt 

of Michigan. Because evaporation takes place at the brine surface he postulated 

that halite first crystallized at the surface and floated before settling to the 

basin flooD. He further theorized that the chevron shaped structures were formed 

while the crystals floated and the clear over growths formed after the crystals 

settled. The halite crystals in the Hutchinson may have had a si milar history. 

Their i nt erlocking pattern suggests that t he f i r,al growth of indi vidual crystals 

was controlled by the presence of neighbor crystals indicating that final crystal-

lization was subsequent to deposition. 

The crystallization of halite on the basin floor r equired either some pre-

ci9itating age nt other than evaporation or s ome mechanism to transfer the effect \ 

of evaporation to the bottom of the basin. Dellwig (1955, p. 92) postulated that 

temper ature change caused the crystalliza~ion of the clear overgrowths pointing 

out: "Although the solubility of salt ( sodi um chloride) varies but a small amount 

with t emper ature, a relatively l ar ge amount of salt can be t aken i nto solution 
./ ,r ·• J 1,c -V-v.-;t, ,J.1_.,.._,,. ,/·---': • .- • tlr 1 

I j/2►•i I/ 

with t emper c.ture char1ge if there is a l ar ge e nough quant i t y· of water". If 
-, .,_4....., ,::; -7r/44 .,,,.....,._ ~?7,,,,_ ./ ,;,/ tPvy_•" /~~ 

11l,.t11t, ,"":r. 
dJ, },{!~ r j' P /o 

#J ., . ,_.,,_r/ -'$T .--,,1 ;tr.i-c-Jf,,- ra• 
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fluctuation of brine t emper ature caused the crystallization of the clear 

overgrowths, l ar ger crystals grew at the expense of smaller ones. When the brine 

was warmed solid sodi~m c~loride was dissolved. The larger crystals were reduced 

in size, but the smaller crystals were completely destroyed. Later, whern ·the 

brine was cooled, the undissolved remnants of the larger crystals served as 

centers of crystallization for the r ecrystallizing halite. The net result was 

the crystallization of the clear overgrowths on the larger crystals. 

Factors other than te~perature change could have produced the same results. 

Daniels a~d Alberty (1955) note that extremely small crystals are slightly more 

soluble than larger crystals, and if a mixture of different sized crystals is 

allowed to stand in a saturated solution the larger ones will grow at the expense 

of the smaller ones. Dellwig (1955 ) also states that pressure on halite crystals 

• .J /--
resulting from the growth of adjacent crystals could cause disso1tf~;·" at 

1
~e j A-/ ~L 

/' , ) o µ 5 ,,1-l"'-'1 b J · /a.. /..._/ 
_ f -1_,,?,..,. j_ .,,,..L l -<f 7 et /1 'I ../ 

points of contact and recrystalli zation on noncontact surfaces. Elongation of 

the crystals normal to the stratification can be attributed to restriction of 

lateral growth by neighboring crystals. 

Nonhalite constituents The clusters of anhydrite, hydrocarbon, and clay 

minerals (the chief nonhalite constituents) were possibly deposited as floes. 
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According to Dr. Fred Kurata ,L9hemical Engineering Department, University of 

· KansaJ(personal communication, 1959) the dissolved calcium sulfate could 

have served as a flocculating agent for all of these sediments. Their layering 

,,.. ' 

can be attributed to the intermittent settling of the halite and more regular -de-

position of the floes. Subsequent to their deposition they were altered by 

diagenesis. 

Interpretation of stratigraphy 

The local succession of beds of the Hutchinson ~~d its associated strata 

(Pl. 4 to 8) indicates both an alternation of depositional environment as well 

as a systematic change in the alternations. Initially there was an alternation 

between terrigenous and nonterrigenous sedimentation (carbonate-shale and sulfate-

shale units) (Pl. 4 to 7). Next the alternation was between calcium sulfate and 

sodium chloride deposition (lower part of the Hutchinson Salt) (Pl. 4 to 7). Still 

later the alternation was between sodi um chloride and terrigenous s edimentation 

(upper part of the Hutchinson Salt) (Pl. 4 to 7). Finally the alternation of 

environments ceased and sedimentation was almost co~tinuously terrigenous (thick 

shale unit). (Pl. 4 to 7). 

Almost all of these environmental changes can be explained if it is 

postulated that prior and during the time of Hutchi~son deposition the rate of 



'.. 

' {.\,-'~t/ 
/0 \. ( t , .. 
"' ( ·)"\ ,.,, ;, \I 

«~ v" r 
egaporation remained relatively constant while sea level rose and fell at-:\.

1
;~1-'- 1• i' j, 

_> h t' P", eu 
relatively fast rate }•twee~ fixed limits and sediment accumulated at a relatively~,,,t& 

,"-~~ r 
Under " ;J ~ 

$ ~ 

11',·1 ... . .. 
slow rate, but somewhat faster than the rate of subsidence of the basin. 

,. 

these circumstances (1) .the position of the strand line would oscillate about a 

mean, (2) the depth of brine would oscillate about a mean, (3) the~ position 

of the strand line would shift gradually in a basinward direction, and (4) the 

mean depth of brine would gradually decrease (Fig. 18). Factors (1) a~d (2) can 

account for the alternation of environments. Factors (3) and (4) can account for 
'---' 

the systematic change in type of alternation. 

The postulaticns set forth in the previous paragraph are pased chiefly on 

the fact that early in the accumulation of the Hutchinson Salt the change to 

sodium chloride deposition was in phase with the change to _terrigenous sedimentation. 

Early-deposited salt beds are correlated with shale beds and not anhydrite beds. / 

\ 

This suggests that change in brine depth and strand-line position controlled the \, 

change in depositional environment because the same action (lowering of sea level) 

under these circumstances could have caused the deposition of both shale and salt 

beds. Lowering of sea level would have shifted the strand-line position in a 

basi~ward direction thereby enhancing terrigenous sediment. Lowering of sea level 

could have also caused saturation of the brine with respect to sodium chloride by 
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reducing brine depth (Fig. 19). Other explanations of the corr elation of salt 

beds with shale beds seem unrealistic. 

De e~sition of the carbonate-shale aild sulfate-shale units -- The alternating 

c 

succession of sediment types in these units can be attributed chiefly to the -

reciprocation of the strand-line position from which the detritus carrying run-

off water circulation system was eminating. A basinward shift of the strand line 

caused terrigenous detritus to be deposited where nonterri r eilous sediment had 

. previously been deposited. A landward shift of the strand line reversed the pro-

cess. The change from the carbonate-shale unit to the sulfate-s~ale unit can be 

attributed to the decrease in mean brine depth that resulted when sedime:-it accum-

ulated faster than the basin subsided. This could have saturated the brine with 

respect to calcium sulfate (Fig. 19). (,.:. ,. i" 

Deposition of the lower Hutchinson Salt -- The alternation of anhydrite and 

salt beds in the lower Hutchinson Salt Member (Pl. 6) can be attributed to the 

alternate increase and decrease in brine depth that re sulted from a rise and 

fall in sea level (Fig. 19). Sodium chloride was deposited during low sta.,ds 

of brine level and calcium sulfate was deposited during high stands of brine 

level. Deposition of sodium chloride could have been instigated by the continued 

decrease in mean brine depth that resulted from the postulated accumulation of 
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sediment at a rate more rapid than the basin was subsiding. The area of ex-

elusive deposition of sodium chloride at or near log (Pl. 6) could have been a 

center of circulation during periods of low brine level, where more highly con-

,,.. 

centrated brine was localized. The more ext~~sive salt deposition in the over-

lying beds can be attributed to the further reduction of mean brine depth during 

the later cycles of sea level fluctuation. Because brine saturated with respect 

to sodium chloride tends to maintain its own existence (p. 51) areas overlain 

by brine of this type were protected from invasion by the runoff water circulation 

system laden with terrigenous detritus. 

Deposition_of_the uprer Hutchinson -- The alternation of s&lt and shale 

beds in the upper part of the Hutchinson can be attributed to the reciprocation 
J~ ~7 

~-~~-~ -
of the strand-line position. Sodium ch~oride was depo~ited during high stands of 

brine level and shale was deposited during low stands. (Duri ng the initial stages 

of Hutchinson deposition sodium chloride was deposited exclusively during low 

stands of brine level). This reverse in association between sodium chloride pre-

cipitation and position of sea level can be attributed to the cont~nued decrease 

in mean brine depth and basinwarci shift of the mean position of the strand line. 

~an brine depth was reduced enough so that even during high sta.:1ds of sea level 

actual depth was shallow enough to cause the brine to be saturated with respect to 
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sodium chloride (Fig. 19)~ The mean po_sition of the strand line was shifted 

far enough in a basin ward direction so that during low stands of brine level 

the detritus ladened runoff water circulation system was able to invade sodium 

" 
chloride-saturated brine in areas where this previously was not the case (P. 58). 

Dep~sition of the thick shale unit -- The undivided terrigenous sediment in 

the thick shale unit indicates the almost co~tinuous presence of the runoff water 

circulation system during its deposition. This can be· attributed to the continued 

. basir.ward movement of the mean position of the strand line until specific areas were 

continueusly remote from the sea water circulation system during the fluctuatio~ 

of sea level. 

Transgression of environments -- Correlation of key beds indicates that the 

deposition of the Hutchinson Salt was not a simultaneous occurrence. The area 

overlain by sodium chloride -saturated brine at any one time was probably very small 

c~~pared to the entire depositional area of the Hutchinson. Fluctuation of sea 

level would have caused this depositional area to shuttle back and f orth as well 

as to expand and contract. Basinward advance of the me~n position of the strand 

line and reduction of the mean brine depth would have caused the mean position 

of the shuttling area of sodium chloride deposition to migrate from the ~i.s~~..! 

parts of the basin toward the inlet through which influxing· sea water entered the 



6b 

evaporation basin. Superposition of beds (Fig . 6) indicates that the distal 

parts of the basin were to the north and east and that i nfluxing brine ca.me from 

the southwest. 

Depos i tion of sodium chloride would have enhanced its own further precipitation 

for two r easons. (1) Brine saturated with r espect to sodi um chloride tends to 

maintain its own existence (p. Sl). (2) Sodium chloride was probably a f ast 

accumulating sediment (p. 36) and diminished the brine depth in the area of 

deposition at a relatively rapid rate. Migration of the sodi um chloride depositional 

area toward the source of influxing sea water continued as long as the enhancement 

of sodium chloride precipitation as a result of its own deposition overcame the 

increased dilution that resulted from its migration toward the source of infloi;.ring 

sea water. Lateral migration of the sodium chloride depositional area would have 

ceased when this was no longer the case. Deposition toward t he southwest of the 

Hutchinson Salt in Kansas, where the stratigraphic section is chiefly anhydrite 

(Pl. 8),probably was terminated by dilutio~ from influxing brine. Southwestern 

termination could have occured in or near the inlet through which brine was ex-
._; 

changed between the evaporation basin and the open ocea~. This investigation 

was terminated at the state line so it is not known how far these interfingering 

salt and anhydrite beds extend into Oklahoma. Although the brine n2ed not have 
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passed over a bar (Richter-Bernburg, 19S3) there is presently an anticline in 

the rocks that underly this southwestern extremity, which could reflect the 

existence of a bar during Hutchinson time. 

Deposition of the 11 Sto:1 e Corral" and "Blaine" salt 

Events that brought about the deposition of these two younger salt de?osits 

seem almost identical; consequently, they will be discussed together. Both of 

these salt deposits indicate a return of sodium chloride qepositional conditions 

to so uthwestern Kansas and adjacent areas subsequent to its termination at the 

end of Hutchinson deposition. 

Stratigraphy of the Hutchinson Salt and its associated strata i ndic ates a 

gradual decrease in m~an depth of basin and a gradual basinward shift of mean 

position of the strand line during the time of deposition of those rocks. This 

was attributed ~p. 56) to a somewhat faster accumulation of sediment than rate 

of subsidence of the basin. This action could not have continued indefinitely 

and still have maintained the depositional basin. During the . time of deposition 

of the Kansas Permiai.'1 there must, therefore, have been times when subsidence was 
_; 

faster than the accumulation of sediment. This reverse action would have in-

creased the mean depth of brine and shifted the mean position of the strand line 

in a landward direction resulting in a return of sodium chloride depositional 
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conditions to southwest Kansas by inundating the area with saturated brine. 

Each of the younger salt deposits could indicate a period of increased rate of 

subsidence. The intercalated calcium sulfate beds in these younger deposits can 

be attri.buted to the continued influence of sea level fluctuation during these 

periods of accelerat ed subsidence. Both Fay (19bl) and Harn (1960 ) postulate 

fluctuation of sea level during the de position of the Blaine Formation in 

Oklahoma. 

_; 
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CONCLUSIONS 

1. The reflux theory is the only logical explanation for the deposition 

of large sodium chloride bodies in which there is an absence of closely associated 
,,.. 

bittern salts. The most highly concentrated brine in a refluxing basin is at- the 

surface of a center of circulation. Brine saturated with respect to sodium chloride 

tends to maintain its own existence in an evaporation basin because its evaporation 

induces only weak reflux. 

2. Mine exposures and petrogr aphic samples of the Hutchinson Salt indicate t ~ 
c( e, .fJ:...... h-.e ~ r- - j h~ Ck. h "'i l;_y l!J? ~ L;~ l7h-- cu>"" 

an absence of vigorous circulation in its depositional area. This reflects the 

slow reflux that would be pre sent in an area overlain by brine saturated with 

re spect to sodi um chloride. 

3. Local stratigraphy of the Hutchinson Salt and 'clos ely associated strata 

can be accounted for if it is postulated that (a) strand line oscillated about a 

mean position (b) brine depth oscillated about a mea~ in phase with the osci llation 

of the strand line, (c) mean position of the strand l ine was shif ted gr adually 

in a basinward direction, and (d ) mean brine depth was gradually decreased. Such 

condi tions would have been pr esent if (1) sea level fluctuated between fixed 

limits at a r elatively fast rate and (2) sediment accumulated at a r elatively slow 

rate but fas t e r t han the subsidence of the depositional basin. 

. I 

" l 
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4. Long-distance stratigraphic correlation indicates that the ar2a of 

sodium chloride deposition at any one time was relatively small compared to the 

total de i.;Osi tional area. Deposition began in the no rth and east and proceeded 

toward the south and west. Based on conclusion 3 this indicates that the distal 

parts of the basin were to the north and east, and the influxing brine came from 

the southwest. 

S. The younge r salt bodies (those related to the Stone Corral and Bl aine 

Formation) were deposited during peri ods when the rate of subsidence exceeded 

the rate of accumulation of sediment • 

.: 
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