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ABSTRACT

Three Permian salt deposits, each several hundred feet thick, underlie
southwestern and south-centrzl Kansas and extend into Oklahoma and Colorado. In
order of their deposition these are: (1) The Hutchinson Salt FMember of the Welling-
ton Formation, (2) The salt beds genetically related to the Stone Corral Formation,
and (3) The salt beds genetically related to the Blzine Formation. In vertical
east-west cross section these salﬂ deposits are arranged en echelon with the oldest
(Hutchinson) extending farthest east. Each of the salt deposits cuts corrslation
lines established by well-cefined key beds.

The physical-chemisiry of brine derived by the evaporation of sea water

szverely limits the conditions under which salt deposits can accumulate. The

stratigraphy of the Kansas salt deposits is—eemsersti—to—the—ohysital=Crerisory

- indicates that during the time of deposition of
the Hutchinson Salts: (1) Sea level was fluctuating atout 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 éubsidence of the basin. The two younger salt
deposits ("Stcne Corral® sezlt and "Blaine" salt) were deposited during sub-
sequent periods when subsidence was faster than the rate of accumulation of

sediment.
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industry.

Thickness maps of the Hutchinson salt were published by Bass (15$26), Moore
and Landes (1$27), Ockerman (1932}, Taft (19L6), and Kulstad (1959). Maps out-
lining areas underlain by salt in Kansas incluce thosé.ﬁubléehed by Jewett and
others (15L2); Lee, Leatherock and Botinelly (1S5L8); and Lee (1956), as well as
Mineral Resources Maps published by the State Geological Survey of Kansas in 19L2
and 1951,

Stratigraphic cross sections of Kansas salt are included in publications by
Phalen (1919); Darton (1921); Kellet (1932); Norton (1939); =dson (19L5,19L7);
Taft (1546); Maher (1S5L6); Lee Leatherock, and Botinelly (19LE); Lee (1SL9, 1953,

1956); =and Kulstad, Fairchild, and McCregor (1556). Reports that contain strati-

graphic information concerning Kansas salt in text bub—meb~iddusiisised. include

b
those by Cragin (1896), Ver Wiebe (1937); Moore, Frye, and Jewett (1SLL); Moore e. h

v

and others (1551); and Swineford (1956).

Reports on mining methods and refining of Kansas salt were written by
Bailey (1902), Taft (19Lo), Vexon (1$57), Inman (1951), and Bowdish (1951).
Exceptional minéralogic features of the Hutchinson Salt ﬁere described by Kleihege
(19L8); Runnels, Reid, and Schleicher (1$52); and Swineford and Fumnels (1953).

Dellwig (1$58) 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.
\@E.ﬂ QI’A croma r.{t—§¢

Gratitude is expressed for the help and encouragement froT/piﬁ John Imbrie,

15ﬂff Henry ley, and ¢ Floyd Preston durisg-the.develepmemt—of~tire~tieorettcal

/) N—
~aspegts.eftbis.xeporis Reseerchwwas=im-pari-tmuer—the=diraction of Dr, Louis

Dellwig, ermimie, Ralph H. Kiff) 8w E. J. Zeller anckdds. R. C. Moore roewdewsd~

=z

~portions ol tTrg~reeasi. Proﬁ.—KennaLh fose _of the Mining and Metglluwgical

Engineering Deparimendwal-dba.dniversity of Kansas grapted. nise.of equipmepiwdor

-t

. TR 6 heTal . 240
BRrepaLatione-of-rock sample’s T Yaboraloky. Sxaninabaen. Paul C. Franks £§:g:f;gated ‘

‘:wp@.ﬂ/’/

several specimens with x-ray diffraction.

“=¢% D. M. Hunt of the Independent Salt Company, Kanopolis;iﬁ% Otto Rueschoff
of the American Salt Company,-Lyons; and & Leo Reid of the Carey Salt Company,
Hutchinson, kindly grented access to the salt mines. Help received underground
from the miners, too numerous to be named individually, is also acknowledged.

Méi’{f_lgds—\of\_sj}&dy_‘and spurces of~tnformatien

~ ~ T

Study of Kansas saf£ was limited to subsurface data because of the cqmpiete

lack of outcropg. The two sourcesfgf information a;gmtﬂe logs of the thousands
e P

"
o

of holce hat have been drilled through the salt deposits in seafch for oil and
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z/,#,h\\ -

‘ - ) T L
gas in deeper ;gcks anc the exposures in the three salt mines in the HutChinson

Y - \ e
salt in\cedtral Kansas (Fig. 1). {)&

~— /t?CO§QS of oil and gaa\g;plgg;z{gn

-

4 : —

The stratigraghy of the Kansas salt beds and their associated stratz was

¢ ‘ived chiefly from the correlation of key beds as revealed by wire-line logs
(electrical and radioactivity logs) of holes that pass through the salt deposits
(P1. L to P1, 11). Methods of detecting salt strata from these logs are discussed

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

refined data available concerning Kansas salt stratigraphy. Sample logs and
drillers logs were usecd for areas where wire-line logs were not available.
"Saltumfgg%f>jlgx

€ three salt mines in the Hutchinson Salt Member offer the only opportunity

—

for direct observation of any part of the Kansas salt deposité. 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), (%;ggﬁg'salt beds genetically related
to the Stone Corral Formation (upper Sumner Group), and (3?}}hé salt beds genetically

RV %)

related to the Blaine Formation (upper N: . o
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~classification of Kansas rocks is based chiefly on outcrop exjposures. Inasmuch
as Kansas szlt deposits do not crop out, their stratigraphic classification is
deperndent upon tracing outcropping beds into the subsurface to a position where
they are interbedded with the salt deposits. Subsurface investigation indicates

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

6:901//..’-"§

nevertheless, bosecon—the~tracingof-key-Beds, zach of the three salt desesits
N - 2ald
‘2&4“&£/L¢4 ) \ANQ*FL

transgresses oerredavieof+istes, some of which a»e formational boundaries. In

this report zach salt deposiﬁ is ccnsidered as a complete entity. For example,
the salt genetically related to the Stone Corral Formation is referred to as
Stone Cdrral" salt allhough in some areas part or all of that salt deposit
seems to ge a part of the underlying Ninnescah Shale.

Stratieraphy 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 bteds in the Welling-
ton Formation and the nonhalite strata interbedded within the salt. =ased on this

e Bedehuwsim Talt Mankdn
définition4T is a complex 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

! that laterally lie either above or below the salt. These associated strata
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mist be considered in an investigation of the Hutchinson because their relationship

4
with salt beds as well as the succession in which they were deposited revealJ%he

) ) °

conditions that brought about the deposition of the salt wmmesdt, Rocks included
’

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

(Chase Group) to a position rear the contact between the Wellington Formation and

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

Sumner Groups and area underlain by Hutchinson Salt is shown in Fi-zure L. Zegional

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 MNikosirsidensshic.
units. In ascending order these are: (1) carbonate-shale unit, (2) sulfate-shale
unit, {3) Hutchinson Salt Member, and (L) thick shale unit (Pl. L to 8). Because
.u;ﬁs one nit

Torredation~lines estavlished by

\,\) ~—

the boundaries between these
well-defined key bed%}théir stratigraphic classification is indefirite. Their
4~z#u:a}“?:\,

approximate stratigraphic position is -presea®ed in the discussion that follows, 0855/
&

Rocks chiefly in the Chase Group

Carbonate-shale unit -- The carbonate-shale unit is chiefly an alternating

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

base of this unit is arbitrarily placed at the base of the Barneston Limestone

J

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 stratigrapnic
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. L to 7).

Rocks chiefly in the Sumner Croup

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

shale unit, is an altsrnation 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. Representative thickness of the unit is 250 feet (Pl. L
to 7).

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

includes all of the salt beds in the Wellington Formation aad those nonhalite beds
interbedded with them. The unit overlies the sulfate-shale unit. Throughout most

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

J .
beds. It is not a single laysr of salt nor is it a succession of layers ol waren

J



13
each layer has relatively wide areal distribution. The area underlain by any

wTh Tha 0A
single salt bed within the unit is relatively small compared toeesédeesissunderlain by

]
R
tMEWEtab&ﬁgg;—‘\\\\\\
0

el ﬂrd;5;iibuiian—aad—éﬁiekqggg’;n The distribution and thickness of the
e N g
Hutchinson Salt Member in Kansas are shown on Plate 1. )Yhic?ness is more than \k

700 feet in some parts of the State. Depth of the Hutchinson below the land sur- \\\ \\
N

face is approximately LOO feet along its eastern edge and approximately 2,000 feet e j{
near its western edge, The easﬁkedge of the salt body has been dissolved by ground V§
water. According to Charles K. Bayne, State Geological Survey of Kansas (personal }S
| N

communication 1969) sinks or depressions at the surfece mark in part the eastern J

U
boundary of the member. The rest of the Hutchinson does not appear to have been k ((
altered by ground water since its derosition. )
The Hubchinson is predominantly salt throughout most of its area in Kansas

(Fig. 5)e In the southwest part of that aresa, however, the member is mainly

”

[P S

anhydrite (Pl.,gs, and thickness and percentage of salt in the member at that

place is extremely variable.

Rl IR et 2 A P R i

T —
P e e T T T I e —redationshins—- The Hutchirson Salt iember is a

relatively large heterochronous stratigravhic unit that, within any one area,

contains several lithologic subdivisions. In this respect it resembles a
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part of the underlying sulfate-shale unit in other locations (lozs B and D,
Pl. 6). Shale beds in the upper part of the Hutchinson in some places (log A,

Pl. 5) can be traced into the thick shale unit in other places (logs 3, C, and

‘{U

D, PL. 6) ¥°
] L] L] ¢b
| )

Stratigraphy revezled-in mine exposures -- All three : " ies (Fig. L) are o %;\\\\

‘ ]
operating at or near the bottom of the lithostratigraphic unit, out 1n10rmat10n\\ ; >/

‘ \
T mtyhadi e

is lacking that would indicate whether or not they-ewe~swbiasbiag salt from ‘x\\ '}

*

4

the lzyerings has been destroyed ganzwe=hd: by rost-denositional recrystallization
J =} J Py L% Z N .)'

! T v
,n"fl!(’.&Q Swall R sy 4’—% \""5"{44*&44.”\/ M\,eﬁ& ) \
of halite. farge crystals (6 inches or more) of halite, wewess are almost in-

variably underlain by a pocket of dark constituents, octur—te-tirese-pizees.,
Stringers or wedges of shale can be seen in the upper walls where the roof has

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

whera

machinery (Pl. 12). No shale is exposed at the levels the salt is mined. The
7

floors of the mines are within a few iaches of a nonhalite bed.
,/a;(.i. AN s = ¢u44 n.A«/-.}(
igﬁimrﬂ-iy’gﬁ; types ofﬁred/stié—a¢a-found in] }§§I<§=é==axia—§§ the Hutchinson

Member. f/ne type is Esend 1n velns associated with shale beds/;ed—:s-ieznd.ln all
K .// to e ‘;%p)* 4{}/ A‘4¢7rr14>
th; mines. These veins consist chicfly of{:r%n-stalqed halite (Klelii;94/i;h8).

/ _
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o Vi -
ﬁA second type occurs as&blotches or tlebs within the s3lt beds theme=ives ‘amd
S e -

G
;]Hutchinson mine£5f:thc—ﬁarey—eeiﬁ—eempany.
’

bas TEERIUN LT Trondense ovby in th
- Tr—
\%ﬁ&ﬂ»\
i %M”E‘t‘é“”mﬁiﬁafmg-the“miﬂez;al?

The blebs/are (2
—

of a thumbd
polyhalite.
In general, the stratigraphic section is the same throughout any sinrle

4 general description\of the stratigraphic section of ezch of the three

mine.

mines is presented below.

RN
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Partial section of the Hutchinson Salt in Hutchinson mine (from top downward)

Thickness
feet

(1) Shale, dark blue gray, scemiwsiy anhvdr1t§c horizontal stringers
~ of brown salt, vertical fracture fillines of red hzlite. Locally
this bed pedetratns downward into salt as much as 3 feet; commonly
exposed thick: IS T 5t 1w v 6 6 0 6 6 6 6 s 0 s e 0 0 e i e

(2) Salt, brown, similar to interbedded stringers above . o o o « o « o 0.2

(3) salt, clear to cloudy, cortains durk ‘ﬁ s, espacially prominent
0.3 feet and 0.7 feet below top, carﬁA Lu51ons are also dispersed,
layers as much as 0.3 feet apart . « . . s 1Y)

(L) Salt, prominent bed free of dark inclusions o« « « o o o o o o o oo 0.5
(5) Salt, two white beds separated by a dark 1ayer « o o o o o « o o o 0.2

elay
(5) salt, dark impurdijes layered and dispersed, halite crystals
cloudy L] L] L ] L] L] . [ ] L] L] L] * L) * L L] L] L] * . L] * L] . L] L ] L] L ] * * L O L] 8

(7) Salt, layerad but not prominently, dark layers less than 0.1 feet
apart. FPosition is at or near top of mining level . . . . + « « » 0.5

(&) Shale, relatively prominent bed, 1less than « « + o o« o o o o« & o« o 0.1

Pre
(9) Salt, halite crystals cloudy and clear, dark 1¥%hrf%1°s layzred

and dispersed o o o o o 5 o o s 6 6 o 6 s 6 6 6 s s s s s s o & se 2.2

r\l.l-
(10) 3alt, prominent layer, dark impisibies layered and dispersed, as
much as 0.1 feet between dark layers + ¢« ¢ ¢ ¢ ¢« ¢« v ¢« ¢ ¢ o o« o 0.9

(11) Salt, prominent bed free of dark impurities, two dark layers at
base, halite crystals clear and cloudy « + o o o o o o o o o o« o o 0.3

(12) Salt, like (11) except dark imgigities are more dispersed « o o o o Oult

a

(12) =alt, dark inedweidns cispersaed but loczlized enough to give
loyered apPEArancCe o o o o o o o o o o o o 8 o s o o s o 6 8 o o 0.3

dn/*"‘-y/

(14) salt, layered, halite crystzls cloudy for most part; as much as
O.lfeetbet*ﬂeenlayerS...-.-.o-ooooooo-oooo Och

: 4
o oz = g el G5

V.
(15) Salt, halite crystals cloudy, dark inctdtons found only in blebs;
base is a prominent dark 1ayer o« o « o o o ¢ ¢ o s 6 o o e 0 o 0.9

(16) Salt, massive, some supcestion of layering of impurities prominent
but discontinuous dark layer 2.6 feat above base « o o o o o « o Se3
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Partial Section of the Hutchinson Salt in Lyons mine (from top downward)

(1)

(2)

(3)

(h)d

Thickaess
feet

Salt, halite crystals for the most part clear, dark constituents
segregated into layers 0,05 to 0.3 feet anvart + « ¢ ¢« ¢« « ¢« & « « 3.0

Salt, halite crystals cloudy, several minor or subdued layers of dark
constituents, most of which are concentrzted near the bottom of

the unit o o ¢ ¢ o o ¢ o o e o o ¢t e 4 e 4 6 e b s s s s e e e e 1.0
Salt, halite crystals generally clear, dark coé%Q%tuents segragatad
into subdued layers, thickness between layors as much as 0.3 feet;

base of unit is top of prominent dark layer . « « « o « ¢ o « o o 3.2

8alt, halite crystals more cloudy than in (2), layers of dark
Caasts s more preominent thar above, thickness between layers
somewhat less than above .« ¢ ¢ ¢ ¢ cec o o o o o o o s o s o o o o L.6

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

(1)

(2)

(3)

(L)
(5)

(6)
(7)

Thickness
feet
4 S
Salt, halite crystuls clear, very sparse dark ceastiitueats, no
apparent rezular 1ayering o o o o s o o o o o o o o 0 s o 0 o s o lb

Shale, dark, penetrating underlying salt as much as 1 foot
prevalent thickness o« o ¢« o« o ¢ o ¢ o o o ¢ o s s s o o a o s o « 0.2

Salt, halite crystals clear with cloudy cores, dark constituents
segregated into layers as much as 0.2 feet apart « « o ¢ o « o o 3.1

Salt, prominent white layer similar t0 (1) « v o o o o o o o « o 0.4

Salt, similar to (3), thickness between layers as much as 0.3
foot L ] L ] [ ] L ] . . o * [ ] [ * L ] -* L ] L] L ] . L . L] ® L] L] L] e * . [ ] * ® 3.9

Salt, prominen‘b White layer ® o & o o 6 @ ° o © & @ o o o o o oo Ooh

P28 ek @y l-"'\ 3
Salt, halite crystals clear and cloudy, dark co=® ents seg-
regated into prominent layers as much as 0.3 foot apart . . . . . 0.5
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Petrography -- Several specimens of rock szlt were collected from each
T ——

.-c—g"l.—‘"
of the three mines Polished sutideeswmal. s . Soo i ioitelalauwGiiitkiteksidintimmn

o : . /'/.ﬁi'k % 1 7
b_”,EﬁTZ?-EYE?USCQpa, and thin sections/we TrEstIT d‘uiihmém2§+““””"““‘"

. . L
mL¢ ope. The nonhalite water-insoluble residue” of a few specimens were

anadlyzed by x-ray diffraction by-PeudmGeeFrarioss
®

bl G E .

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

haliteg, ewdtexcept for minor amounts that have recrystallizedfthe halite is .

P S—_—
. 20PERLy segrerated into layers {commonly. one crystal thick (P1. 13). The

crystals range up to 3 ceatimeters in length and are elongate normal to the

-—

layering, dut within single layers interlocking crystals give the rock a

mosaic texture. Many crystals have cloudy chevron-shaped structures in their

L

centers with clear overgrowths (Pl. 13). Cloudy halite a;peafs light in the

mine face, and transparent halite appears dark.

Nearly all the minor constituents are localized in clusters between

2z Sl
4,/'7 .

Ay A

L S s

cxSbere
Vs ;;?;?/4Zé; 22S

- ,/;/‘{ 7

Ty S s
S f-C:/2::<>¢,

the crystals of halite. The individual clusters, which are commonly less than

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

carbon, clay miner:ls, and pyrite are the main constituents of the clusters.

JLEERT T Ny o
Polyhalite wa- “ound-#s veinlets in a part of the Hutchinson mine, '

-

J

P

—
Lt .
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Thick shale unit -- Several hundred feet of undivided terrigenous sediment

A
overlie the Hutchinson Salt. @#ﬁjlower;?anb—ef‘tﬁf?“?ﬁﬁﬁessicﬂ7*wﬂfﬂh‘%; gray

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

S
d

1956). Eéhgﬁupperingi;fw i is the overlying Ninnescah Shale. The

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

parts of both formations are included in this unit in plates L to 7.

Stratigraphy of "Stone Corral salt

These salt strata underlie most of the southwestern quadrant of Kansas
(P1. 2, Fig. 7). The stratigraphy of this salt deposit is much less complex
than that of the Hutchinson R e e
“TelatyVetyotong dtavences-{Pl. 9 {£o il). Thickness indicated on plate 2 includes
the Stone Corral Formation énd all genetically related beds. Shaded areas are
underlain by "Stone Corral' sglt. Because the Stone Corral Formation extends

by

beyond the edge of its genetically related salt beds the lineigamarking the edge
of #he salt does not represent the zero contouy-ﬁ‘} Mé,Wgza, hh’v )

On the outcrop the Stone Corral Formation consists of a relatively thin
(6 feet) r-d of dolomite (Fig. 2), but in the subsurface the formation is best
known for its one or more anhydrite beds whose composite thickness 1s as much as

50 feet. Salt genetically related to the Stone Corral Formation consists of two
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main beds. A lower salt bed lies,belowmubat.iﬁmcanséﬂé¥§émhx:ggff:ffﬁfiigsub-
eShraldes: ae- the base of the Stone Corral Formation. In some areas
Lo

this ¢« 7" is in contact with the basal anhydrite beds of the Stoaes Corral and wes

i : - . V'
4Eﬂnn~cbserxeé—£%:gb separated from the Stone Corral by more than 100 feet of

intervening sediment. Tsebmfted¥y this salt bed is a part of the Ninnescah Shale,
here,
but im—this-—report it is 1ncludedh?s a part of the total "Stone Corral'" szalt. An

upper salt bed lies betweesn anhydrite strata usually included in the Stone Corral ,
_j_/ /75 f’}"{/f/c Adf”‘r ?‘4 "/‘ﬁt‘r/’w
but’is re-meress part of the total "Stone Corral salt deposit than is-the-Jower
g

salt—bed (F1. g, 10, and 11). Relationship between "Stone Corral' salt and

the upper and lower "Stone Corral!

/ Vel ad 0)’(’(/4/,
~Lsaltnea: for the most part thay awd-mutually exelusive. The lower bed is

—ZF A

limited to the southeastera part of the area underlain by the "Stone Corral®

Hutchinson Salt Member is shown in plate 7.

salt in Kansas (Pl. § and 10). The upper salt bed extends farther north and
west (Pl. 11). Greatest total thickness (Stone Corral Formation plus related
salt) is more than 250 feet and is found along the Kansas-Oklahoma state line

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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‘*M
N/ Stratigraphy of "3laine" salt f*é”“*ﬁéﬁz

'77( nié‘él@'ﬂ‘-' se/t* :/f/bfs,v‘;"‘ ynelodrs Se /7 Aed s
These saitr=shreds—ferm several separate depesits in Kansas, some—efuhich

may-cUnnec%~eu%séde.ihg_ﬁia%e~(Pl. 3, Fig. 2). Like the "Stone Corral" salt the

J

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

Salt andrarmr-be+3TUStratec over rorwtivedswionmsodstencas=(rl. 11). Ljad@r the
‘ N ——

o

most widespread "Blaine" salt deposit underlies more than two-thirds, ot Kansasp 4LL;(t

IO s .
- Y

- Y et /8 TP
’ _6(1\«4 Oondla e, ('v(i kuCW
Colorado siaﬁqm&éﬂn.and extends easiward more than 60 miles into Kansas. -@#® other o

/ , &

smaller deposits’are located to the southeast. Thicknesses indicated on Plate 3
Alle Q»:u‘.cg;z,\ 8280\

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)ﬁ%narking the edge of the
salt does not represent the zero contour¢4z’ t(o 7Za/Vw—a;éf%£« .

On the outcrop the B;aine Formation consists.of one or more gypsum beds
(Figf 2). The formation can te traced to one or more anhydrite beds in the sub=-
e facl. Stratigraphic relationships between the Blaine and iﬁs genetically
relateé 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 3laine Formation (P1l. 11).

I el L IR TR

. s e /
~—d <
3 a&&éh.zais lower salt is therefers part of the underlying Flowerpot Shale
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, 1\ -
(P1. 11). Each bed is an integral part of the total "3laine! salt deposit.

There 1s relatively greater overlap between upper and lower salt beds of
"Blaine" salt than betwsen upper and lower beds of "Stone Corral' salt. Greatest
observed thickness (more than 600 feet) was found along the Kansas-Colorado state
. | 7
line. '<
b
i
DEPOSITION OF EVAPORITES S

Introduction . 0 ﬁ },J ,t?‘./f |

If it is agreed that large salt deposits such as those in Kansas were forme
as a result of the evaporation of sea water and not by some other process (for
example margmatic intrusion) the events necessary to cause sodium chloride to be
precipitated from sea water as a result of its evaporation must be acccunted fo
in any postulated process set forth to explain the origin of Kansas salt, [Inasmuch

—

as ‘there are no places in the world today where evanorite derosition is proceeding
Al [o all- 0% &
obv'* ofes”

at the scale it was during the deposition of ancient salt beds (Richter-Bernburg,

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

A

without Benefit of fiexd evidence. The.

type of reasor is used by geqlogisgg}

who conclude that when the North American Continent was glaciated duringxsifijjfcene=~ut/’[
/ "

‘time climatic conditions produced a netv.gain in snow accumulation in the Northern
N _

Hemisphere.



30

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. 111L) after an exhaustive study of the problem states

",..the composition of sea water and the atmosphere varied surprisingly litﬁle.

since ea:” r geologic time." Modern sea watecwis a relatively dilute soMution
% | '= !
with fespect to amost all of it3, dissolved salts. It is therefore concluded thati 7est

"y

the preaipitation of tge dissolved s§l§s from anciept sea water Eﬁ chiefly the ﬁﬂ’tb

,
4 | %

Ly

result of ivaporation and not from some other process (for example|codcling the
, / s.

/

brine).
7 - 5 . 7 g
‘Seemingly’ the only/data showing the results ofjevaporating sea water to
_ Je! .
dryness; comes from ag?experiment cerformed by Usiglio in 1849. The data from 1"””‘

this experiment are preseated in Grabau (1920)Land 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 (1547) noted, this prevented

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

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

that should occur under almost any circums:ances in which evarcoritesare precipitated
from brine derived from sea water and are accurate enough for the purrose fof which

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

When a specified volume of sea water is evaporated to dryness, three ]h\
\

changes take place during the process: (1) volume reduction, (2) density increase,

and (3) precipitation of salts. Ths_degxag_gﬁ,gxapopa%ion—of—sca~w&%er’63n be ei;
.aﬁg‘“k" '

pressed as thé*per ent of water loss or 100 times the weight of water evaporated

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

of sea water coatains approximately 987 grams of water .and zpproximately 38 grams

of dissolved salts. If L93.5 grams of water were evaporated from this original

o / Jj it wefa \"'LQ‘Q/

litery, the water loss or degree of evaporation would be 5o percent. In Usiglio's
/]
data partial evaporation is presented by recording the volume of brine remaining
from an original liter of sea water (Clarke, 192L). In this report these data
are converted to degree of evaporation expressed in pergent for better graphical
presentation.
Volume reduction

The relationship between volume of remaining brine and degree of evaporation,

based on data from Clarke (1$2L), is shown in Table 1. These data, presented

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

inversely proportional to the degree of evaporation.

N

T



Table 1

~

Relationship between volume r g b 19 S

liter of sea water. (Data from Clarke, 162L, by calculation).

Degree of evavoration in percent Volume of remaining trine in
thewsandthe—ef~gitar -~ <

0.0 1000
L7.2 533
69.2 ' 316
76.5 2L5
82.0 190
56.7 1LY
88.2 131

90.1 112

91.7 ,)[Q&rJﬁaﬁL’// 95 .
945 v 6l

96.7 . 39
97570 & 30
98.1 23
98.8 : 16

1100.0 00

U7? - Aeyadan. w = 3 PLle

G Wt
VU CC 164 5-51’
T T 770 4

;%{lﬁ¥'.}§§;:>éar;4; :;Z??C7" - 672;46,i72>

g
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Density increase

The relationship between density of brine and degree of evaporation is
shovm in Table 2 based on data from Clarke (192L). These data, presented graphically
in figure 10, indicate that the density increases almost exponentially with degree
of evaporation. There is an important anomaiy at the point of saturation of the
brine with respsct to sodium chloride (approximately $1 percent degree of evaporation),
resulting from the precipitation of this dominant szlt in sea water. If sodium

_,m,t/{ 487
chloride were the only salt in sea water;Aevaporation could not further increase
the density of the brine after it became saturated with respect to that salt.
Precipitation of salts

The relationship between volume and type of salts precipitated and degree
of evaporation is presented in Table 3 based on data from Clarke (192L). These
data are presented grarhically in figure 11. It is convenient to classify the
precipitates from sea water in groups according to the order of precipitatidn of
predominant salts. This order is as follows: (1) calcium czrbonate group (0-76
perceﬁf deg?ee of evaporation), minor precipitate iron oxide; (2) calcium sulfate
group (76-91 pe?cent degree of evaporation), minor precipitate of calcium car-

bonate; (3) sodium chloride eroup (91-99 percent degree of evagoration), minor

precipitates calcium sulfate, magnesium s'1fate, magnesium chloride, sodium
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Table 2

Relationship between density of brine and degree of evaporation of a liter of

297
sea water. (Data calculated from Clarke, 19504).

v % uq;\x~€§7 _2nsity ¢ 1 e in grams
Degree of evaporetion in vercent per milliliter

0.0 ' 1.0258
L7.2 1.0500
6%.2 1.0836
76.5 1.1037
82.0 1.126L
86.7 ' 1.160L
£8.2 ‘ : 1.1732
90.1 1.2015
91.7 1.2138
k.5 1.1.2212
96.7 1.2363
97.5 1.2570
98.1 2778
98.8 1.3069
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, Table 3
VA oces Salls
Relationship bel :en #%¥pe and volume of salts that are precipitated and degree of evaponation of a liter

of sea water, | ilculated from Clarke, 1924).

Degree of VOLUVME AND TYPE OF PHACIrITALED SALITS IN CUBIC CENTIMEILHS

evaporation Fe O CaCO. CaS0, -2H,0 TNal gS0 MgCl NaBr KC1 Cumulative Total

in percent 23 3 L72 L 2
0.0
L7.2 0. 106 0.0237 o 0.02L3
69.2 Trace 0.0243+
76.5 Trace 0.02L3+
82.0 0.0195 0.1692 ‘ | 0.2330
86.7 0.1899 - ~ 0.4229
88.2 0.0622 0.L851
90,1 ' 0.0541 0.5392
61.7 0.0172 1.5078 0.001% 0.003L | ' 2.0691
sl.5 0.0L99 L.Lell 0.00L 0.0157 | 6.6010
96,7 ' 0.0236 3.6505 0.0096 0.0187 0.0227 10.3263
9745 0.00L9 l.c 31 0.,0065 0.006L 0.0112 11.56€L
98.1 1.050L 0,0085 0.0103 0,0162 12.6548
$8.8 0.6500 0.2023 0.0118 0.0193 13.5382

100.0 1.1967 0.6572 1.3609 0.1030 0.2691 ,}7.1651
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bromide; and (L) bitterns (99 to 100 percent degree of evaporation) a mi#ture 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 procass of saturation of~
the brine with respect to a new group of precipitates would automg?}cally in-

g N S

crease the rate of precipltation. For example, if the brine were saturated with
7 /S5
)
respect to the calcium sulfate group, approximately 250 milliliters of water
would have to be evaporated to cause the precipitation of 1 cubic centimeter of
salts. “when the brine is saturatzd with respesct to the sodium chloride group,

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

same volume of salts.

Mechanics of evaporite deposition

The interpretation of the depositional history of large salt deposits

/%,(' ,p‘zl::,cg

encounters two major problems. (1) Theﬂvolume of sodium chloride groupy salts

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

,-

12.5 milliliters per liter). ?higmﬁgngis"&ell known éndmbgsubegqmpgken inta

oA
- ~ s ad v e -/)“-"5(«-»" v k
= n//"/ ,‘,,/ . e / ‘.,-""'/ - '""é{ '
aggpuht iarnearly all of the postulated processes of evaporite deposition,

(2) The composition of the brine from which thick accumulations of hittern-free

IS V€ it ,-‘u,',‘_ “~
sodium chloride was precipitated must keve-remainzd relatively constant (between

P



p o
g
o) /4 P }}0,;1! e

In 1877 Ochsenius szabaen 1-830) proposed the bar 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 ¢ Tre t 2g 1
small outIlow, but sea water easa enters freely to offset the losses due to
evaporation. Evaporation takes place only at the surface, and the upper

layers, thus becoming dense#, must sink, so beeemfﬁg producing a saline

7&25aﬁ» 75 5mrbo&wﬂ.w
concentration at the botbom. In this mannerf‘ ing contlnually spppteéed
with new material from without, thszzzténéey;;;%§§§gg§§7will graduiddly
inc%rease until saturation is reached &and the deposition of salt begins.
Sg long as salt water caﬁ enter the bay this process wiFi-continues amd

the depths of the basin will, in time, become a so0lid mass of salts, cov-

ered with a sheet of bittern.



\\,% 7

91 and 99 percent cegree of evaporation) during the period of deposition.,
Maintenance of constant brine compcsition has not been ccnsidered in all post-

ulated processes of salt ceposition.

relate X

Thre%\theories corcerning the deposition of evaporitei)ahu the bar theory,

the modified bar theory, and the reflux theory. #hmse are explained below.

Bar theory

frofoicd

In 1877 Ochsenius (Grabau, 1$22) set~Lorth the bar theory wherein he

/// i/“ﬂ, MWWA £ A__.‘z /4\2",-3;;,&14,,
postulated that water V&@O@%&G&*@ﬂ“&ﬁ evaporatim—pesin. is replacgd by the lateral

/Mu&\‘b 4
M.ﬁz.ﬂwég A .«S.«-p ry A—Cm j 't»i t(J*
: 7 mawesmsets fTOm the open ocean (Fif. 12). If this process

A
-

e

werc to continue 1onr enough the brine in the %aSﬁ? would bzcome saturateé ltg

w2
o ;w M 77“: é) // L,//

s

would bi/55301p1taumd ana relatively thlsj/evadorltes could be deposited in a

A P T AR TR e T i R A n L A e AL S PR i
o e
e TRt

\

\ comparatlvély shallow basin. [}z;;;;“;ll other theories of evaporite deposition

e g7
VAL e sy npany, e 1 peswes

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 continually

e .

g.é
\7C‘L
until” 1t eventually became saturated with respect to all dissolved salts, ézer—-l

2563)+- Usiglio's/data indicaif that if j/i/daoth of biijs/ln thli/;/P 5 'T

evaporation bdsin were 1,300 feet, less ‘than 50 feet of bittern-free sodium

s

could accumulate.



41

EAr .
5 CLevel PR BRIVE SURFAcx LowFLr?
C’_:LEC'T."(: scA LEvEL A A RrsvhT ¢ EOLUARIRITY
Tvn, -
OFEV gorav ~— M‘::T—::T:~*”‘-¢§;::r"~f~—,—~f———‘
vavidd 7 ’

-G

<

Frev, <72 <<
. HEMATIL ¢ )8 '
[ese cecTiey [LLvSTAATINE THE PRIVEPIES oF THE

RAR Tar
FTirepy sF pyapeprTr DEFss TION LFITE, powaies of T

[Bﬁ/ﬂ,f_' 5;’1F/’CJZ. 16 ﬁXﬂ 65/: ,{A}EJW /"A ,LAL'}'}"ﬂA YL g f’\///ljz-\',]



42

This relationship can be understood if it is imarined that the basin is

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

cross section. OCne of these columngis analogous to a liter column of brine that

is 1,000 centimeters high and is one square centimeter in cross section from which

water 1s evaporated but maintained at constant volume by addition of sea water,

For each liter of water that is evaporatad and replaced by a liter of sea water \&

the degree of evaporztion of the brine in the column is iacrsased by one half.
For example, after the first liter of water is evaporated and replaced by the
first liter of sea water the degree of evaporation of the brine is 50 percent.
Repeating the process would produced brine whose degree of eveaporation was 75
percent. Evaporating the third liter of water and replacing it with sea water
would increase the degree of evaporstion of the brine to 87% percent. Sodium
chloride would not be precipiﬁated until the brine rsached approximately 91

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

to be precipitated when the degree of evaporation reached approximately 99

percent degree of evaporztion. After the brine became saturated with respect

to sodium chlofide approximatsly 12.5 milliters of sodium chloride would be
precipitated each time a liter of water was evaporated and would be deposited

as 12.5 ceatimeters of sediment on the bottom of the column, ‘whose cross fﬁ
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sectional area is one square centimeter, However, after the brine became
saturated with respect to sodium chloride at approximately 91 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'dcgree of evaporation. Hence, less than 50 centimeters
of sodium chloride cculd accurulate at the base of a 1,000 centimeter colunn of
brine before it became saturated with respect to bittern salts, and less than

50 feet of bittern free sodium chloride could accumulate in a2 1,000 feet of brine

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

bar theofy. Intermittent izolation of the evaporation basin from the open ocean

/DFDL)/ /el
does not increase the capacity for bittern free sodium chloride deposition.— ?

57‘)'?.«?1-:«5' A//:‘C? Sk, D S:-‘e/‘/é.

The Kansas salt deposits are seemingly free of significant accumulations of

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

their desposition without postulating an unrealistic depth of brine during their A(
wl*
7\ Sa L poor el Gk v — L5 )[
: 1 24 Loy~ FhAre
time of deposition.

4-/ 174', rl{r? d/’-u/— —J/00° 'f‘//

&
“4< i ]//4,//“0 Leap” -
The comp051tlon of the brine in an evoporpflon basin could remain essentially

-

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

repl casihod

the residual brine in the basin were displeocsed by sea water from the acjacent ocean

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



hj.'}' re /x:v ,/ G;g,g.m .2‘: e g,uf»\;
have been set forth that suggest processes by which diserecement 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 vpostulates that the evaporite depositional area is separated
into several connecting basins (Branson, 1915; Grabau, 1920). The bzsin 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 farthsst 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 discha?ged 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 respect to bittern salts, and their precipitztion in one of
the s :eeding basins would be inevitable. Thus a sizeable accumulation of
evaporite;;ricﬁ in bitterns would be a necessary adjunct to a bittern~free deposit

of s¢ .um chloride. The seeming absence of a bittern-rich deposit in close

association with Kansas salt deposits indicates that their deposition cannot be
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explained by the modified bar theory. ' ﬁ
f’l)}s.‘f{ !r y ¢ »§‘ﬂ> )
Reflux theory \ Y"‘\" 4 /}‘\») J

Q/M/-
The reflux theory (Xing, 1947) postulates that during the dp“OQITWnn og {

aretent waporjtes there mas-exchange of brine between the evaporation basin

Jieef R
d the open ocean ir—the-seme-nanner—that brine circulates between present-day

evaporation basins and the open ocean (Scruton, 1953; Sverdrup, Johnson, and
Fleming, 19L2). The Mediterranscan Sea is an example of a modern evaporation basin
because more water is removed through evaporstion than is added by the sum of
rainfall and runoff water from the surrounding land. Water from the Atlantic Ccean

bé\,%r r':z/‘,
flows eastward through the Straits of Gibraltar <be-comsenssdse—fer the volume

dewarr, | Ye
deficit in the iediterranean. This is influx. At the same timepwater from the
Mediterranean flows westward through the same channel under the influxing water
f: | the Atlantic. This is reflux. The greater bottom oressure in the Mediter-
ranean than at equal cepths in the Atlantic, which results from the higher density
of the sea water in phe Mediterranean, activates the westward-flowing reflux
currenﬁ. The process of reflux was known as early as the time of Cchsenius
(Grava, i;éo); but it remained for R. H. King (19L7) to sugsest that the im-

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

geolc ¢ record and the chemical composition of sea water was a result of reflux.
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Relatively thick bittern-free salt beds such as those in the Hutchinson
2y pp el o | .

can be aeesuni ~=for by the reflux theory. The circulation resulting from influx
and reflux \.-g. 1L).continually renews the brine in an evaporation.basin, and
great thicknesses of salts can accumulate without changing the chemical ;omposition
of the brine in the depositional area. TFurthermore, this theory takes into account
conditiqns of circulation that =mbwesdly result from the evaporation of sea water.
In view of the limitations of the modified bar theory, the reflux theory seems
the only one acceptable to explain the deposition of the Hutchinson Salt, and

the discussion that follows is based on this conclusion,

Circulation of brine in an evaporation basi

sy}

The exchange of brine between an evaporation basin and the open ocean is
activated by the circulation of brine within the basin.. Although currents can be
activated by many agents only those activated by the volume loss and density in-

crease that result from the evaporztion of sea water are considered,.-This dis- "

. L T, o A - p

r,.‘ ot rver i1 3 s et e othe 2 e e . T T /

-

cussion is based chiefly on deductive reasoning. A careful ccnsicderation of the
' ‘ J
i e =T

\ e

alternatives leaves little doubt of the validity of these deductiogs;”ﬂ

w-"‘f

Throughout most parts of an evaporation basin influxing brine is migrating

\/u,u/:t 'vo M/w u;r(’

JPEVEL i wii ) the inlet from the open ocean, and r=fluxing brine is migrating in the

opposite direction toward the inlet. This exchange of brine can be termed the



SFRA LEuLi

- — e PRaecrro sEM Lzven
qarLlvr ¢F SEA W\
v . ’ /lj/d

wATER _ —
Fonpes v TRATS - T
REHE //,.{-,/
crPew —_—— e /%OR '
o 1 ow
CEAN ,,/ o [ PReYECT 1y
: THE chee

Ter Jre Bag

M kf vhroRARTIEY BASIN

L

F""'”E"’lq SC HE wATic CRISS seempp |LAvSTRATI/E THE paiverrlEs o F
THE RE Flvx THFegy 1VEIE Lowidws 6F BRmmE SuARFACE

jo Ex ACOARKIED FoR 1 kh0s TRETIV PUR [ 11933



H9

Q.

sea water circulation system. ZEvaporitss eaze—be precizitated within this
circulation systen provided the degree of evaporation of the €irculating brine
is ¢ = 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
vaporztion basin. Volume loss is caused both by evaporation and reflux. Reflux
is activated by the increase in density of brine that results from its partial
2
evaporation e—rasdus- must overcome the dynamic barrier or hydrostatic head
causing influx (Secruton, 1953). Within any specific part of the sea water circu-
lation system an increment of influxing brine reverses its direction and joins the
refluxing brine (Fig. iS). This reversiag current is activated because local
evaporation increases the density of infiuxing brine while it passes throush that
part of the system. The brine that is expelled from the evaporation basin into
the open ocean is a ummation of all these local reversing currents within the
evaporation basin. Attention is directed to the fact that reflux is locally
?he‘same type of circulation syétem is present where fresh runoff water
enters anbé;apdration basin (Scruton, 1953). Runoff water, which may carry

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

place of addition at - e 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

et £3 is Jpees
in the runoff water circulation system aeswmiang the runoff water éghﬁaiﬁe éﬂ?’

dissolved salts.

-

Logic dictates that in every evaporation basin there is at least one é%éé;}“

V\Aag""
and perhaps severdl pizess where of the influxing brine‘is either evaoporated

. . . QArOns
or reverses its direction of flow to form reflux. These g es can be termed

centers of circulation, and providing there is only one inlet from the open ocean
all ceaters of circulation are located at the junction between the sea water and
the runoff water circulation systems (Figs. 16 and 17). The EEEE highly con-
centrated brine in an evaporation basin is found at t! surface of one of these
centers of circulation because this brine has been subjected to the most
evaporstion and the least dilution. The more dense brine that has been observed

. de 1 1in so } ‘*ts of evaporation * isins must have "lrst * :en 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 theréfgre'begins at a center of circulation (location of the mmst highly

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

i 1 that center of circulation but always within the sea water circulation system.

.

Precipitation co 1 ]
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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 1
in the discussion of brine circulation beczuse it is the change in density of -

influxing brine within a given area that activates the local reversing currents.

When the degree of evaporation is increased from 9 to 10 percent the increase in \

density is slight compared to the increase between &9 and 90 percent. This means

that if all other factors were equal the reversing currents would te stronger in

those parts of a circulation system where influxing brine is 90 percent evaporated

than where 1t is 10 percent evaporated. The generul exponential shape of the
,r
4 4y I RN L S N T R VN Dt e ok T T btk v LR s 1 et iy

density curve indicates that 1n~%he—ma&n reversing currents are strongeyp/wher
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he brine is more hlghly concentratedi s T
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The anomaly in the density curve (Fig. 10) at the point of saturation of
the brine with respect to sodium chloride (approximately 91 percent degres of
evaporation) is f great importance #n view of the preceding discussion. Brine
of this type should tend to maintain its own existence because its evéporation
causes its density to increase only a slirht amount. *hen sodium 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

N
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circulation would be relatively slow.‘ This wculd allow the brine saturated

with respect to sodium chloride to maintain contact with the evaporating
atmosphere for a ;onger time than if the reversing currents were strpr"‘ Toretr
desiccation would further increase the degree of evaporation of the brié;~an§'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 tﬂese potassium and magnesium
~ salts could be precipitated the reversing curreats would again become strong in
the center of circulation containing the most highly concentrated brine. This
factor would inhibit the precinsitation of the bitterns and could account for

their scarcity in Kansas salt.

Locetion of evaporite deposition

The area of evaporite deposition should be relatively near shore. The site
of satursted brine is determined by the centers of circulation along the junction
of the two circulation systems (Fig. 17). If s;turated brine is to be formed the
runoff water 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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EPOSITICNAL HISTORY COF KANSAS SALT

Intréductn'nn

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

-

manner in which evaporites accumulated in a depositional basin., They have under- ‘,

he H'F"H"‘L,\W—obv"‘“‘

gone only slicht deformation since their deposition (P. B. Xing, 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 sodium

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

midess
that distinguish it from4stratag§eposited prior to its depositio?:? These features
can be attributed to the special conditions necessary for sodium chloride deposition.
Petrogenesis
The petrography of the Hutchinson Salt, as well as the regular layering of
the mine exposures, indicates a lack of vigorous currents during its deposition

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

present in those parts of the evaporationfbasin containing brine saturated with

*‘1 K ’,
o s
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respect to sodium chloride. /s
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Halite -~ Primary crystals of halite appear to have undergone two stages of
crystallization. The first stage is indicated by the cloudy chevron«structures in
the centers of the crystals an& the second by the clear overgrowths Fp.2l).‘
Dellwig (1955) observed similar structures in halite crystals of the Sai;ﬂa §alt
of Michigan. 3Because evapora!’ m takes j;° : at the brir surface he postulated
that halite first crystallized at the surface and floated before settling to the
basin floor. He further theorized that the chevron sﬁaped structures were formed
. while the crystals floated and the clear overgrowths formed after the crystals-
settled., The halite crystals in the Hutchinson may have héd a similar history.
Their interlocking pattern suggests that the fi:al growth of individual crystals
was controlled by the presence of neighbor crystals indicaiing that final crystal-
lization was subsequent to deposition.
The crystallization of halite on the basin floor reguired either s¢ : pre-
ciciteting agent other than evaporstion or scme mechanism to transfer the effect i
of evaporation to the bottom of the basin. Dellwig (l955,kp. G2) postulated that
temperature change caused the crystallization of the clesar overgrowths poinfing

outs "Although the solubility of sezlt (sodium chloride) varies but a small amount

with temperaturé, a relatively large amount of salt can be taken into solution

./ r

P R / -5

with temperzture chance if there is & large enough quantity of water". If Vf 1%

L z i : P .

, 14

ad Y / ﬂ‘ Il : { '\ﬂ b

foe g e R B
¢ 1ol ‘ ’ »
Ve s 4u a A‘Jhnflﬂql'



58

fluctuation of brine temperature caused the crystallization of the clear

- overgrowths, larger crystals grew at the expense of smaller ones. When the brine

was warmed.solid godium chloride was dissolved. The larger crystals were reduced
in size, but the smaller crystals were completely destroyed. Later, wheh‘the_
brine was cooled, the undissolved remnants of the 1arger crystals served as
centers of crystallization for the recrystallizing halite., The net result was
the crystallization of the clear overgrowths on the larger crystals.

Factors other than temperature change could have produced the samerresults.
Daniels and Alberﬁy (1555) 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 crysﬁals

. &
-
.
a‘ﬁ"

resulting from the growth of adjacent crystals could cause dissolvin aﬁéﬁfe‘;h//
P74

-~

s t
4 AR
f ‘/é;/{'“l"s.'()-» Gl f'h ;

points of contact and recrystallization on noncontact surfaces. Elongation of
the crystals normal to the stratification can be attributed to restriction of
lateral growth by neighboring crystals.

Nonhzlite constituents -- The clusters of anhydrite, hydrocarbon, and clay

minerals {the chief nonhalite nonstituents) were possibly deposited as flocs.

A

\ ?/{} 7~ ”//a;//
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According to Dr. Fred Kurata,[é%emical Engineering Department, University of
'Kansgf;kpersonal communication, 1959) the dissolved calcium sulfate could
have served as a flocculating agent for all of these sediments. Thgir layering
can be attrituted to the intermittent settling of the halite and more reéﬁla?>de-
position of the flocs. Subseguent to their deposition they were altered by
diagenesis.
Interpretation of stratigraphy

The local succession of beds of the Hutchinson and its associated strata
(P1. L4 to 8) indiéates both an alternation of depositional eavironment as well
as a systematic change in the alternations., Initially there was an alternation
between terrigenous and nonterrigenous sedimentation (carbonste-shale and sulfate-
shale units) (Pl. L to 7). DNext the alternation was between calcium sulfate and
sodium chloride deposition (lower part of the Hutchinson Salt) (Pl. L to 7). Still
later the alternation was between sodium chlorids and terrigenous szdimentation
(upper part of the Hutchinson Salt) (Pl. L to 7). Finally the alt:rnation of

environments ceased and sedimentation was almost continuously terrigenous (thick

shale unit). (Pl. L to 7). :

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

postulated that prior and during the time of Hutchinson deposition the rate of
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evaporation remained relatively constant while(;ea level rose and fell at a 5.L’ 4 t ‘,
¢

he'pe] o
relatively fast rate'}etween fixed limits and sediment accumulated at a relatively'ai'L
A L‘
Mo
! 1"7#
»

a

slow rate, but somewhat faster than the rate of subsidence of the t iin., U

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

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

of the strand line would shift graduslly in a basinward direction, and (L) the

me=n depth of brine would gradually decfease (rig. 18). Factors (1) and (2)»can

account for the altsrnation of environments. Factors (3) and‘gy) can account for

the systematic change in type of alternation. :
The postulaticns set forth in the previous paragraph are based chiefly on

the fact that early in the accumulation of the Hutchinson Sz21t the change to

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

Zarly-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 (lowsring 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

basinward direction thereby enhancing terrigenous sediment. Lowering of sea level

could have also caused saturation of the brine with respect to sodium chloride by



&/

. oy

BEF R P prsirisw

C SPAV OF LEAINE Lever FLUCTUATIN:
I I —_— —_— _ — pEAV - I
# ) |
Pa g
_, * !
’ -
X~ !
o 54 S— B .
!
X = SPECIFIC SITE 8F SEDmsarstize MEny
On s MEAW DEFTF Be Fibs Lrpintiw
SA = MeEew DisTapen T4 STRAN AihE
: /_-\—)
BEFfeRe DEPeGIMey L/
Spamw 4F STRAMD LivE
Pos,?’/ck’s
AFTER Drpositied
=& faw R BRpE Lsve L Flyepep oy ‘ B

4
\

,\(: ".‘::O;;‘"Cl»"(‘ 3T

IR AV S DN WA

e MCas pirvs A o grosem

ro,
R MEAN A T R Ann LA

AFTeR TrprmiTrid

sgEar AF SThAEvE LU\;!
Ve !

=

e AL p VRN T

Dscillatron

el Prord -~

A
V4

“
4

. ‘Cf\/ L

oy
/

e —— e e

~ seppMERT

v FRuiTuatian ANA p[ f“,?s,“) e K

A A spoerFie 1T

Fic Um/f)w AvEwex oF REWE LS

QN DReprTH oF R e ANVD Prssawer T o §STpane AIvrX

OF b [ 2RY S IRY 7[1?"!‘!1%.



62

reducing brine depth (Fig. 19). Other explanations of the correlation of salt
beds with shale beds seem unrealistic.

Deposition of the carbonate-shale and sulfate-shale units -- The alternating

succession of sediment types in these units can be attributed chiefly to the R
reciprocation of the strand-I" 2 position from whi M t} 2% 'Tying n-
off water circulation system was eminating. bA basinward shift of the strand line
causad terrigenous detritus to be deposited where nonterrigenous sediment had
previously bezen deposited. A landward shift of the strand line reversed the pfo-
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 resuited when sediment accum-
ulated faster than the basin subsided. This could have saturated the brine with
spect to calcium sulfate (Fig. 19). (.0 -:

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

salt beds in the lower Hutchinson Salt Member (Pl. 6) can be attributad to the
alternate incrcase and decrease in brine depth that resulted from a rise and

fall in sea level (Fig. 19). Sodium chloride was deposited during low stands

f brine level and calcium sulfate was deposited during high stands of brine
level. Deposiﬁion 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-
clusive 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 extensive szlt deposition in t;e over-
lying beds can be ;tributed to the further r¢ ™ °"° 1 " r :n brine depth &

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 circulétion

system laden with terrigenous detritus.

Deposition of the upper Futchinson -- The alternation of szlt and shale

beds in the upper part of the utchinson can be attributed to the reciprocation

i -
o &
- 7'( ,,'{,.'i.c‘»"c"“ ’
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of the strand-line position. Sodium chtoride was deposited during high stands of
brine level and shale was dept ited during low stands. (During the °~ itial stages
of Hutchinson deposition sodit chloride was deposited exclusively during low
stands of brine level). This reverse in association between sodium chloride pre-
cipitaticn and position of sea level can be attributed to the continued decrease

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

Mean brine depth was reduced enough so that even during high stands of sea level

actual depth was shallow encuzh to cause the brine to be saturated with respect to
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sodium ¢~ oride (Fig. 19). The mean position of the strand line was shifted
far enough in a basin ward direction so that during low stands of brine level

the detrii : ladened runoff water circulation system was able to invade sodi

-

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

Depo: ""ion of tI tl" k st ": J° -- The divic 1 rrigenc sediment in

the thick shale unit indicates the almost continuous presence of the runoff water
circulation system during its deposition. This can be attributed to the continued
_basinward movement of the EEEE position of the strand line until specific areas were
continueusly remote from the seza water circulation system during the fluctuation

of sea level,

Transzression of environments -~ Correlation of key beds indicates that the

éeposition of the Hutchinson Salt was not a simultaneous occurrence. The area
overlain by sodium chloridefsaturated brine at any one time was probably very small
compared to the entire depositional aréa of the Hutchinson. Fluctuation of sea
level would have caused this depositicnal area to shuttle back and forth as well

as to expand and contract. Basinwara advance of the mesan position of the strand
line and reduction of the mean brine depth would have caused the mean position

of the shuttliﬁg area of sodium chloride deposition to migrate from the distal

parts of the basin toward the inlet through which influxing sea water entered the
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evaporation basin. Superposition of beds (Fig. 6) indicates that the distal
parts of the basin were to the north and east and that iafluxing bripe came from
the southweast.

Deposition of sodium chloride would have enhancéd its own further precipitation
for two reasons. (1) Brine saturated with respect to sodium chloride tends to
maint: 1 its own existence (p. 51). (2) Sodium chloride was probatly a fast
accumulating sediment (p. 36) and diminished the brine depth in the area of
deposition at a relatively rapid rate. Miération of the sodium chloride depositional !
area toward the sogrce of influxing sea water continued as long as the enhancement .i?

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

increased dilution that resulted from its migration toward the source of inflowing
sea wgter. Lateral migration of the sodium chloride depositional area would have
ceased when this was no longe? the case. Deposition toward the southwest of the
Hutchinson Salt in Kansas, where the stratigraphic section is chiefly anhydrite
(P1. 8),probably was terminated by dilution from influxing brine. Southwestern
termii = »ion could have occured in or near the inlet through which brine was ex-
changed b;;;eeﬁ the evaporation basin and the open ocean. This investigation

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

salt and anhydrite beds extend into Oklahoma. Although the brine nzed rot have
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passed over a bar (Richter-Bernburg, 1953) there is presently an anticline in
the r¢ s that underly this southwestern extremity, which could reflect the
existence of a bar during Hutdhinson time.

Deposition of the "Stone Corral' and "Blaine'" salt

E- 1 that brought about the depositién of these two younger salt denosits
seem almost identical; consequently, they will be discussed together. Both of
these 11t deposits indicaté a return of sodium chloride depositional conditions
to southwestern Kansas and ddjacent areas subsequent to its termination at the
end of Hutchinson deposition.

{ ratigraphy of the Hutchinson Salt and its associated strata in@icates a

gradual decrease in mean depth of basin and a gradual basinward shift of mean

position of the strand line durinz the time of depositicn 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 indefiniiély
and still have maintained the depositional basin., During the time of deposition
of thé:Kansas Permian there must, therefofe, have been times when subsidence was
faster than th;.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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onditions 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
attriﬁuted to the continued influence of sea level fluctuation during these
periods of accelersted subsidence. Both Fay (1961) and Ham (1560) postulate

fluctuation of sea level cduring the deposition of the Blaine Formation in

Oklahcma.
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CONCLUSIONS
1. The reflux theory is the only logical explanation for the depdsition

of large sodium chloride bodies in which the: 1

-~ -

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 evaporstion basin because its evaporation

incduces only weak reflux,

2. Mine exposures and petrogrerhic samples of the Hutchinson Salt 1ndlcate

e ¥ A{ 2r_ Jhire aé/,m[‘/ FC s ) cus”

an atsence of vigorous circulation in its depositional area, This reflects the

L] —
— —
~ —

slow reflux that weculd be present in an area overlain by brine satursted with
respect to sodium chloride.
3. Local stratigraphy of the Hutchinson Salt and closely associated strata

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

mean position (b) brine depth oscillated zbout a mean in phase with the oscillation

of the strand line, (c) mean position of the strand line was shifted gradually

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

conditions would have been present if (1) sea level fluctuated between fixed

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

but . 1l st ’ of the depositional basin.

A
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i, Long-distance stratigraphic correlatioﬁ indicates that the ar-a of
sodium chloride deposition at any one time was relatively small comp-red to the
total de_ositional area. Deposition began in the north and east and proceeded
toward the south and west. 3Based on cornclusion 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 younger salt bodies (those related to the 8tone Corral and 3laine
_ormation) were deposited during periods when the rate of subsidence exceeded

the rate of accumulation of sediment.
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